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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 
Washington,  D.  (7.,  June  29,  1901. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 
by  Mr.  J.  B.  Lippineott,  giving  the  results  of  surveys  and  investiga- 
tions for  water  storage  and  power  development  on  Kings  River,  Cali- 
fornia. This  investigation  was  begun  as  part  of  the  general  plan  for 
ascertaining  the  water  resources  of  the  country  and  the  extent  to 
which  the  Arid  Lands  could  be  redeemed  by  irrigation. 

In  order  to  assist  this  work  and  make  it  more  complete  the  Cali- 
fornia Water  and  Forest  Association,  organized  to  promote  the  irriga- 
tion developments  of  the  State,  placed  at  the  disposal  of  the  Geological 
Survey  the  sum  of  $1,000,  which  had  been  raised  by  private  subscrip- 
tion. In  addition  to  this  a  local  organization  known  as  the  Kings 
River  Storage  Association,  cooperating  with  the  other  body,  increased 
the  amount  by  $1,500,  to  be  used  for  field  expenses. 

In  this  work  the  drainage  basin  of  Kings  River  has  been  explored 
and  preliminary  surveys  and  estimates  prepared  sufficient  to  justify 
the  statements  that  works  can  or  can  not  be  economically  con- 
structed at  certain  localities.  It  is  not  the  object  of  this  investigation 
to  make  finished  working  plans  or  final  surveys  upon  which  speci- 
fications or  contracts  could  be  made,  that  detail  being  left  to  those 
who  may  have  in  charge  the  actual  construction  of  the  works.  It  is 
believed,  however,  that  the  estimates  are  sufficiently  broad  and  con- 
servative to  enable  general  conclusions  to  be  drawn.  It  is  understood 
that  the  officers  of  this  Survey  have  no  concern  with  the  question 
whether  such,  works  are  to  be  built  by  private  capital  or  by  public 
funds,  their  object  being  to  ascertain  the  important  physical  features. 

The  situation  on  Kings  River  is  to  a  ceiiiain  extent  typical  of  that 

along  a  number  of  important  streams  of  the  West,  and  as  a  result  of 

this  investigation  it  is  believed  that  the  reclaimable  area  can  be  greatly 

extended  by  the  construction  of  storage  works  and  also  of  power 

plants  by  means  of  which,  through  electrical  transmission,  pumps  can 

be  operated  at  small  expense  out  on  the  broad  valleys.     The  demon- 

sti*ation  of  these  conditions  will  prove  one  of  the  most  important  steps 

toward  the  transformation  and  utilization  of  the  fertile  but  arid  lands. 

Very  respectfully, 

F.  H.  Newell, 

Hydrographer  m  Charge. 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey, 
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STORAGE  OF  WATER  ON  KINGS  RIVER,  CALIFORNIA. 


By  Joseph  Barlow  LippmcoTT. 


liOCATION  AND  PHYSICAIj  FEATURES. 

Kings  River  rises  on  the  western  slope  of  the  Sierra  Nevada,  in 
Fresno  Connty,  Cal.,  draining  the  crest  from  Mount  Whitney  on  the 
sonth  to  Mount  Goddard  on  the  north.  Mount  Whitney,  with  an 
elevation  of  14,898  feet,  is  the  highest  mountain  in  the  United  States. 
The  divide  to  the  north  culminates  in  numerous  peaks,  which  reach 
elevations  greater  than  14,000  feet.  This  crest  probably  displays  the 
most  rugged  and  the  grandest  scenery  in  our  country.  Above  the 
10,000-foot  contour  th*^  drainage  basin  of  the  river  is  largely  bare 
granite,  supporting  a  scanty  vegetation  and  carved  by  the  action  of 
glaciers.  This  is  clearly  shown  in  PI  II,  A,  and  in  PI.  III.  Between 
the  10,000-  and  the  1,000-foot  contours  the  mountains  are  covered  with 
underbrush  and  large  timber,  the  most  extensive  forest  of  Sequoia 
washingtoniana  growing  here.  (See  PI.  IV,  A,  a  view  southeast  of 
Millwood,  at  an  elevation  of  6,000  feet.)  The  distance  from  the  crest 
of  the  mountains  to  the  mouth  of  the  canyon  of  the  river,  on  a  direct 
line,  is  approximately  50  miles.  Fully  80  per  cent  of  the  drainage 
basin  is  now  included  within  the  boundaries  of  the  Sierra  Forest 
Reserve,  which  is  patrolled  for  the  prevention  of  fires  and  illegal 
herding.  The  Government  will  grant  no  more  private  holdings  within 
the  reserve  except  for  mining  or  the  development  of  the  water 
resources.  This  is  of  prime  importance  to  the  irrigated  lands  below, 
for  it  means  the  conservation  of  the  stream,  and  the  action  has  been 
taken  none  too  soon,  for  great  destruction  of  the  forests  has  already 
been  occasioned  by  fires  and  lumbermen.  The  largest  grove  of  big 
trees  in  the  State  is  now  being  sawed  up  at  Millwood.  PI.  IV,  j5, 
is  a  view  in  the  Converse  Basin,  and  shows  the  wasteful,  destructive 
lumbering  that  has  been  carried  on  there. 

The  river  debouches  from  its  mountain  drainage  basin  upon  the 
plains  of  Fresno,  Kings,  and  Tulare  counties.  These  lands  are  some- 
times referred  to  as  the  Kings  River  delta.  They  are  near  the  geo- 
graphic center  of  the  State.  Fresno  and  Hanford  are  the  principal 
towns.    They  are  about  200  miles  distant  from  San  Francisco  and  Los 
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Angeles.  The  counties  referred  to  present  a  variety  of  climatic  con- 
ditions and  soils.  The  altitudes  vary  from  250  to  14,000  feet.  The 
Coast  Range  on  the  west  consists  of  rolling  hills,  and  the  country 
between  those  mountains  and  the  Sierra  Nevada,  to  the  east,  is  a 
valley  comprising  river  bottoms  and  uplands.  The  Sierra  Nevada 
is  divided  into  three  regions — the  foothill  region,  the  timber  or 
forest  region,  and  the  region  of  snow  and  ice.  It  will  readily  l^e 
understood  that  with  so  varied  a  topography  a  variety  of  climatic  con- 
ditions would  necessarily  exist.  The  yearly  seasons  in  San  Joaquin 
Valley  are  two — a  dry  season  and  a  wet  season.  The  former  usually 
begins  about  May  1  and  lasts  until  about  the  middle  of  October  or  the 
first  of  November,  when  the  rainy  season  begins.  The  average  rain- 
fall is  8.79  inches  annually  at  Fresno.  There  are  about  275  days 
of  sunshine  in  the  year.  The  rains  in  the  winter  seldom  last 
more  than  two  or  three  days  at  a  time.  With  the  exception  of  very 
rainy  days  there  is  no  time  during  the  year  that  men  and  teams  can 
not  work  out  of  doors.  The  mean  average  winter  temperature  is 
about  60°;  the  average  summer  temperature  is  80°.  The  atmosphere 
during  the  summer  months  is  dry,  and  the  heat  is  not  nearly  so  oppress- 
ive as  in  localities  where  the  atmosphere  is  damp.  The  health  reports 
show  that  Fresno  has  the  lowest  death  rate  of  any  city  in  the  State. 
The  mountain  regions  of  the  eastern  portion  of  the  district  are  always 
cool.  They  can  be  reached  in  about  eight  or  ten  hours'  drive  from 
Fresno. 

There  are  probably  few  equal  areas  of  country  where  a  greater 
variety  of  valuable  commodities  are  produced  than  here.  Lumber, 
gold,  copper,  petroleum,  grain,  oranges,  lemons,  many  varieties  of 
deciduous  fruits,  grapes,  raisins,  wines,  and  brandies  are  produced  m 
commercial  quantities.  There  are  more  than  500,000  deciduous  fruit 
trees  in  Fresno  County,  and  the  number  is  being  increased  each  sea- 
son. There  are  about  40,000  acres  of  vineyards  producing  raisin  and 
wine  grapes.* 

Irrigation  is  necessary  for  the  production  of  all  varieties  of  agricul- 
tural products,  with  the  possible  exception  of  grains.  There  are 
about  625  miles  of  main  irrigation  canals,  covering  380,000  acres  of 
land  on  the  Kings  River  delta.  It  is  believed  that  a  good  water  right 
on  valley  lands  will  add  $50  per  acre  to  their  value  and  $90  per  acre 
to  the  value  of  the  so-called  frostless  foothill  lands.  The  duty  of 
water  may  be  taken  at  2  acre-feet,  or  24  inches  in  depth,  each  year. 
Thus  an  acre-foot  of  water  is  worth  from  $25  to  $45  delivered  to 
the  land. 

As  Kings  River  leaves  its  canyon,  about  12  miles  east  of  Sanger,  In 
Fresno  County,  it  is  immediately  diverted  by  a  series  of  canals,  shown 
on  the  map  of  the  valley  lands  (PI.  V).  The  areas  irrigated  from  the 
river,  extending  from  Fresno  on  the  north  to  Hanford  on  the  south, 

*  In  the  fall  of  1901  1,400  carloads  of  oranges  were  shipped  from  the  district  between  Fresno 
and  Porterville,  and  this  indostry  is  only  in  its  infancy. 
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are  the  most  extensive  that  are  watered  from  any  one  stream  in  the 
State.  The  canal  companies  which  associated  themselves  in  the 
Kings  River  Storage  Association  decided  to  contribute  for  the  investi- 
gation amounts  proportional  to  the  areas  of  land  served.  For  this 
purpose  each  company  filed  with  the  association  statements  of  the 
areas  irrigated.  These  figures,  which  are  given  below,  possibly  repre- 
sent the  areas  that  are  irrigated  in  good  years  during  the  period  of 
spring  flood  of  the  river,  and  in  some  cases  may  be  in  excess  of  the 
land  actually  watered.  These  canals  all  have  headworks  of  a  rather 
temporary  nature,  consisting  of  rock-filled  cribs  or  brush  and  rock 
dams,  as  shown  in  PI.  II,  B. 

m 

Lands  served  by  canal  companies  diverting  water  frcmi  Kings  River, 

Acres. 

Fresno  canal,  whole  system. 160,000 

Lagunacanal 25,000 

Alta  Irrigation  Ck)mpany's  canal 50,000 

Peoples' canal 25,000 

Last  Chance  canal - 25,000 

Centerville  and  Kingsbnrg  canal 20, 000 

Mnrphy  Slongh  Association ..__  20,000 

Lower  Kings  Biver -. 15,000 

Fowler  Switch  canal 12,000 

Stinson  canal 12,000 

Crescent  canal 12,000 

Emigrants*  canal , 3,000 

Liberty  canal 750 

Total 879,750 

During  the  May  and  June  flood  period  there  is  usually  water  for 
the  full  capacity  of  all  of  the  diverting  canals,  estimated  at  4,000 
second-feet,  but  the  available  supply  diminishes  rapidly  after  the 
middle  of  June,  as  prior  rights  take  precedence  in  the  diversion.  The 
area  watered  is  on  the  eastern  side  of  the  middle  portion  of  San 
Joaquin  Valley.  The  lands  have  a  gentle  westerly  slope  from  the 
foothills  to  the  thalweg  of  the  valley.  The  area  irrigable  from  the 
river  is  far  in  excess  of  the  available  water  supply.  The  distance 
from  the  foothills  to  the  central  drainage  lines  of  the  valley  is  about 
40  miles. 

This  is  the  great  raisin  district  of  California.  As  already  stated, 
many  varieties  of  deciduous  fruits  are  also  successfully  grown,  and 
along  the  foothills  it  has  been  demonstrated  that  semitropical  fruits 
can  be  matured  with  success  where  water  is  available  for  continuous 
irrigation.  Porterville,  about  50  miles  to  the  south,  is  one  of  the 
most  successful  orange  and  lemon  districts  in  the  State,  and  it  has 
been  shown,  by  many  scattered  orchards,  that  these  fruits  can  profit- 
ably be  grown  to  the  east  of  Sanger.  Along  the  foothills  of  San 
Joaquin  Valley  marked  increase  in  winter  temperature  occurs  within 
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a  rise  of  a  few  hundred  feet.  The  citrus  belt,  as  is  the  case  in  south- 
ern California,  is  a  narrow  strip  of  land  at  the  base  of  the  mountains. 

The  first  irrigators  on  Kings  River  naturally  diverted  the  water  to 
the  lower  flat  lands,  where  canals  could  be  more  cheaply  constructed. 
In  that  way  the  water  rights  of  the  river  have  been  applied  t.o  those 
lands,  which  are  relatively  low  in  elevation  and  upon  which  the 
citrus  fruits,  the  most  valuable  crop,  can  not  be  raised.  An  increase 
in  the  water  supply  will  therefore  permit  the  application  of  a  portion 
of  this  water  to  the  valuable  foothill  lands.  The  deciduous  fruits, 
which  are  gathered  largely  during  the  month  of  July,  do  not  require 
extensive  late  summer  irrigation.  The  reverse  is  true  of  citrus  fruits, 
which  do  not  ripen  until  November  or  December  and  which  require 
irrigation  throughout  the  summer.  In  a  similar  way  alfalfa,  the  staple 
forage  crop  of  the  State,  must  be  irrigated  throughout  the  summer 
season.  In  this  portion  of  California  lands  which  are  sown  to  grain 
are  capable  of  producing  two  crops  in  case  a  water  supply  is  available 
for  late  summer  irrigation .  An  increase  in  the  water  supply  will  there- 
fore permit  improved  irrigation  for  areas  now  served,  as  well  as  an 
extension  of  the  irrigated  area. 

The  combined  capacity  of  the  canals  leading  out  of  Kings  River  is 
stated  to  be  approximately  4,000  cubic  feet  per  second.  In  Septem- 
ber, 1898,  the  low- water  summer  supply  of  the  river  fell  as  low  as  145 
cubic  feet  per  second.  Possibly  the  canals  during  spring  floods  can 
divert  more  than  4,000  second-feet  of  water,  but  not  more  than  4,000 
second-feet  if  applied  beneficially.  It  is  therefore  evident  that  the 
late  summer  supply  is  wholly  inadequate  for  the  demands  of  the  water 
companies.  (This  is  clearly  shown  in  the  discharge  diagrams,  Pis. 
VII  and  VIII.)  The  division  of  this  late  water  has  resulted  in  much 
litigation,  and  it  is  estimated  that  the  canal  companies  have  expended 
annually  about  $40,000  in  legal  controversies  over  it.  This  represents 
4  per  cent  interest  on  $1,000,000,  and  results  in  much  bad  feeling  and 
in  no  increase  in  the  supply.  During  the  spring  and  early  summer 
there  is  an  excessive  water  supply  for  all  companies,  and  much  wator 
is  unused.  Little  if  any  water  is  diverted  during  the  midwinter  sea- 
son. If  summer  water  could  be  supplied  with  certainty  it  is  believed 
that  midwinter  irrigation  would  be  practically  abandoned.  The  water- 
power  development  considered  in  this  report  is  on  the  Middle  Fork  of 
Kings  River,  above  all  diversions  for  irrigation  and  above  the  con- 
templated diversion  of  storage  wat^r  to  Clarks  Valley,  so  that  neither 
one  would  interfere  with  the  proposed  power  plant. 

During  the  last  season  (1900)  the  profits  from  the  irrigated  districts 
around  Fresno  have  exceeded,  it  is  estimated,  $2,000,000.  This  illus- 
trates what  could  be  accomplished  by  extending  the  irrigation  systems 
throughout  the  central  valley  of  California.  Land  favorably  situated 
and  with  a  good  water  right  sells  for  about  $60  an  acre  when  unim- 
proved, and  when  in  vineyard  or  orchard  it  will  earn  very  good  returns 
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on  that  value.  The  same  class  of  land  without  an  irrigation  supply 
sells  for  about  $10  an  acre.  The  water  supply  therefore  represents  a 
value  of  $50  an  acre.  The  water  has  usually  been  sold  with  the  land. 
Under  the  Fresno  canal  a  continuous  flow  of  1  second-foot  originally 
sold  for  $1,600  and  was  made  to  apply  to  160  acres  of  land,  or  at  the 
rate  of  $10  an  acre.  An  additional  charge  of  62  cents  per  acre  per 
year  is  also  made  for  conveyance  of  water  and  repairs.  Water  rights 
for  160,000  acres  of  land  have  been  sold  by  this  canal.  In  the  Alta 
irrigation  district  the  first  cost  of  water  was  $5  an  acre,  with  an 
annual  charge  of  40  cents  per  at^re  for  cost  of  operating.  There  are 
130,000  acres  under  this  system.  The  rights  of  the  Alta  district  to  the 
river  water  are  subsequent  to  those  of  the  Fresno  canal.  A  detailed 
description  of  these  canals  and  their  rights  is  contained  in  WaU^r- 
Supply  and  Irrigation  Paper  No.  18,  entitled  Irrigation  near  Fresno, 
by  C.  E.  Grunsky.  The  lands  of  the  Kings  River  delta  are  described 
by  Mr.  Grunsky  as  follows : 

Near  Centerville  the  soil  of  the  upland  is  a  red  sandy  loam,  resting  on  a  yellow 
clay  hardpan,  which  is  nsoally  at  4  to  6  feet  below  the  sarface.  Hardpan  is  not 
continaons;  it  disappears  frequently  at  about  one-half  mile  from  the  margin  of 
the  upland,  where  the  surface  soil  becomes  lighter  and  more  sandy.  At  depths  of 
10  feet  or  more  beds  of  cobble  and  gravel  are  found,  which  in  proximity  to  the 
low  river  bottoms  afford  thorough  underdrainage  to  these  lands.  The  soil  is  very 
productive.    Ground  water  is  at  12  to  15  feet  below  the  surface. 

Westward  from  Centerville  toward  Fresno  the  soil  of  the  plains  is  a  loamy  sand. 
This  generally  rests  on  a  firm  clay  hardpan,  which  is  sometimes  impregnated  with 
sand.  Soil  is  from  1  to  3  feet  4eep.  At  the  sinks  of  the  several  creeks  near 
Fresno  the  soil  is  a  deep,  heavy,  red  loam,  baking  on  the  surface  after  being 
wet.  Where  a  hardpan  substratum  is  encountered  at  all  it  is  at  10  to  30 
feet  below  the  surface.  Westward  from  the  immediate  vicinity  of  the  sinks  of 
the  creeks  the  soil  is  a  loamy  sand,  several  feet  deep,  resting  on  a  firm  clay  hard- 
pan.  The  soil  far  toward  the  southwest  merges  into  the  sandy  i  oils  of  the  alkali 
belt  which  skirts  the  edge  of  Fresno  Swamp,  and  these  in  turn  are  succeeded  by 
the  rich  peaty  alluvium  of  the  swamp  lands.  To  the  south  of  Fresno  the  sandy 
soil  of  Fresno  and  central  California  colonies  changes  to  the  light  so-called  ash  of 
Washington  colony.  The  hardpan  dips  farther  below  the  surface  toward  the 
south,  and  there  are  points  in  the  latter  colony  where  it  has  disappeared  alto- 
gether. In  the  southern  and  southeastern  portion  of  the  region  commanded  by 
this  canal  system  sand  predominates.  The  surface  of  the  country  is  comparatively 
smooth,  though  occasionally  crossed  by  low  sand  ridges.  Firm  hardpan  partak- 
ing of  the  nature  of  cemented  sand,  immediately  below  the  surface  soil  is  rarely 
found.  It  occurs  most  frequently  where  the  surface  presents  the  peculiar 
hog- wallow  appearance. 

PRECIPITATION. 

The  precipitation  on  the  plains  between  Fresno  and  Ilanford  varies 
from  6  inches  in  the  central  portion  of  the  valley  to  9  inches  at  Fresno 
and  16  inches  at  Centerville.  The  only  crop  raised  without  irrigation 
is  grain,  and  this  fails  except  when  the  rains  are  opportune.  The 
precipitation  in  the  drainage  basin  ranges  from  9  inches  in  San  Joa- 
quin Valley,  at  Fresno,  to  fully  50  inches  on  the  crest,  where  it  is 
largely  in  the  form  of  snow,  which  lies  in  great  depths  on.  the  high 
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divide  until  melted  by  the  summer's  lieat.  The  accompanying  tables 
give  the  annual  precipitation  at  Fi^esno  from  1877  to  1900,  both  inclu- 
sive, and  at  Sacramento  from  1849  to  1900,  both  inclusive. 

Annual  precipitatio7i,  in  inches, 

FR£SNO,  CAL. 

[Latitude,  30»  43';  longitude,  119«  49';  olevation,  203  feet:  observer,  Paciflo  Railway  System.] 


Year. 


1877-78... 
1878-79... 

1«80-«1.-. 
1881-«8... 
1882-88.  . 
1883-84... 
1884-86... 
1885-86... 
1886^... 
1887-«8... 
1888-89... 
1889-90... 
1890-91... 
1891-92... 
1892-93... 
1893-94... 
1894-95... 
1805-96... 
1896-97... 
1897-98... 
1898-99... 
180^1900. 


Sept. 
0.00 

Oct. 

Nov. 

0.00 

0.88 

0.00 

.20 

.56 

0.00 

.55 

.48 

0.00 

0.00 

.44 

.46 

an 

.27 

.34 

.05 

.73 

0.00 

2.00 

T. 

0.00 

.35 

.08 

0.00 

.06 

7.92 

0.00 

.47 

.70 

.49 

.16 

.32 

.06 

0.00 

2.38 

0.00 

3.17 

1.39 

1.26 

0.00 

.22 

.99 

0.00 

.21 

0.00 

.31 

.52 

0.00 

T. 

.13 

.75 
0.00 

.18 
.34 

.06 

.06 

1.28 

1.46 

T. 

1.19 

.22 

1.12 

.03 

.34 

0.00 

2.01 

1.51 

Dec. 


0.4S 

.22 

1.67 

3.05 

.16 

.70 

.84 

3.98 

1.90 

.34 

1.16 

L71 

8.87 

2.30 

3.06 

2.02 

.99 

3.67 

.32 

1.00 

.48 

.43 

1.00 


Jan. 


3.20 
1.28 

.46 
2.21 

.42 
0.00 
2.29 

.45 
2.38 

.31 
1.75 

.34 
2.12 

.79 

.87 

.74 
1.73 
1.60 
2.89 
1.98 

.42 
1.92 
1.52 


Feb. 


1.76 

.56 
2.14 

.87 
1.04 

.57 
3.18 
0.00 

.58 
2.80 

.13 

.as 

.80 
2.(D 

.68 
1.75 
2.95 
1.38 

.08 
2.65 
1.14 

.02 

.08 


Mar. 


1.91 

.66 

.61 

.55 

L26 

2.46 

2.81 

.53 

1.21 

.09 

1.95 

2.07 

1.04 

.81 

1.31 

3.09 

.25 

1.96 

1.21 

1.64 

.71 

2.90 

.88 


0.78 

T. 

1.33 

0.06 

1.97 

.15 

1.00 

.10 

1.23 

.10 

.95 

1.36 

2.85 

1.11 

1.11 

.15 

2.67 

0.00 

2.65 

.03 

.22 

.56 

.54 

.57 

.17 

.46 

.55 

.08 

.22 

1.30 

.27 

0.00 

.10 

1.30 

.78 

.62 

2. 82 

.02 

.30 

0.00 

0.00 

.79 

.36 

.06 

1.21 

1.97 

June. 

July. 

Aug. 

Total. 

0.00 

0.00 

0.00 

8.95 

0.00 

0.00 

0.00 

4.K7 

0.00 

0.00 

o.oo 

8.43 

0.00 

T. 

T. 

8  23 

000 

0.00  •  0.00 

5.3[i 

0.00 

0.00  .  0.00 

7.1H 

1.29 

0.00 

0.00 

15.87 

0.00 

0.00 

0.00 

6. 65 

0.00 

0.00    0.00 

16. 6L' 

.02 

0.00    0.00 

7.41 

T. 

T.        T. 

6.73 

0.00 

0.00 

T. 

7.W 

0.00 

0.00 

.  T. 

13.01 

.02 

0.00 

0.00 

8.01 

0.00 

0.00 

0.00 

7.56 

0.00 

0.00 

0.00 

8.  TO 

1.08 

0.00    0.00 

8.53 

0.00 

0.00    0.00 

1(1.87 

0.00 

.07      .16 

7.93 

T. 

0.00  !    T. 

10. :» 

0.00 

0.00  .  0.00 

4  t45 

.66 

0.00 

0.00 

7.M 

T. 

T. 

0.00 

10.27 

SACRAMENTO,  CAL. 

[Elevation,  71  feet;  observers,  Dr.  Thomas  M.  Logan.  Central  Pacific  Railroad  GomiMny,  and 

United  States  Signal  Service.] 


Year. 


1849-50. 
1850^1. 
1851-52. 
1852-53. 
1863-54. 
1854-55. 
1855-56. 
1856-67. 
1857-58. 
1858  50. 
1859-«). 
1860-61. 
1861-62. 
1862-63. 
1863^64. 
1864-65. 
1865-66. 

I8av^7. 

1867-68. 
186H60. 
1860-70. 
1870-71. 
1871  72. 
1872-rj. 
1873-74. 
1874-75. 
1875-78. 
3876-n. 
1877-78. 
1878-79. 
1879  80. 
1880-81. 
1881-82. 
1882  83. 
188:j-H4. 
1884-85. 

1885  8ti 

1886  87. 
1887-88. 


0.25 
0.00 
1.00 

T. 

T. 

T. 

T. 

T. 
0.00 

T. 

.08 

.06 
0.00 
0.00 

T. 

T. 

.01 

T. 

.01 
0.00 

T. 
0.00 

T. 

T. 
0.00 

.tt) 
0.00 
0.00 
0.00 

.29 
0.(J(J 
O.Of 

.30 

.57 

.90 

.(W 

.08 
0.00 

.02 


Oct. 

Nov. 
2.25 

Dec. 

Jan. 

Feb. 
0.50  1 

1.50 

12.50 

4.50 

0.00 

T. 

T. 

.65 

.35  ' 

.18 

2.14 

7.07 

.58 

.12 

0.00 

6.00 

13.41 

3.U) 

2.00 

T.    ;  1.50 

1.54 

3.26 

8.50 

1.01       ,65 

1.15 

2.67 

3. 46 

0.00       .75 

2.00 

4.92 

.69  ' 

.20       .65 

2.40 

1.38 

4.80  i 

J'Ai     2.41 

2.63 

2.44 

2.44i  1 

3.01 

.15 

4.34 

.96 

3.91 

0.00 

6.49 

1.8:3 

2.31 

.93 

.91 

.18 

4.28 

2  67 

2.92 

T.    ,  2.17 

8.64 

1.5.04 

4.26 

.36  ;    .01 

2.33 

1.73 

2.75 

0.00  '  1.49 

1.82 

1.08 

.19 

.12  ,  6.?2 

7.87 

4.78 

.71  : 

.48  1  2.43 

.3(5 

7.70 

2.01  1 

T.    1  2. 43 

9.  .51 

3.44 

7.10  ! 

0.00     3.81 

12.&'> 

6.0( 

3.15 

0.00 

.77 

2.61 

4.79 

3.(8 

2.12 

.85 

1.00 

1.37 

3.24  . 

.02 

.58 

.97 

2.08 

1.92 

.21 

1.22   10.50 

4.04 

4.74 

.22 

1.98     5.;«»     1.23 

4.36 

.31 

1.87    10.12 

5.30 

1.86 

2.26  !  3.80       .44 

8.81 

.(0 

.04 

6.20  '  5.52 

4.99 

3.75 

3.45 

.30     0.00 

2.n 

1.0* 

.73 

1.07     1.43 

9.26 

8.0* 

.55 

.51 

.47 

3.18 

3.88 

.88 

2.05 

3.41 

1.64 

1.83  ; 

0.00 

.f>5   11.81  '  6.34 

5.06  1 

.56 

1.88     3.27  I  1.89 

2.40 

2.t53 

3.22     1.13  '2.33 

1.11  : 

.97 

.01       .44  i  3.43 

4.46 

2.01 

0.00   10.45     2.10 

.*{♦ 

.fti 

11.3*  1  5.7«  i  7.m 

.'^1 

.68 

.21  ,  2.21  !  1.12 

(5.2S  1 

0.00 

.45 

2.09 

4.81 

.57  1 

Mar. 


110.00 
1.88 
H.40 
7.00 
3.25 
4.20 
1.40 

.68 
2.88 
1.64 
5. 11 
3.32 
2.80 
2.36 
1.30 

.48 
2.02 
1 
4 
2 
1 


01 

35 

94 

64 

.69 

1.94 

.55 

3.05 

1.26 

4.15 

.56 

3.09 

4.88 

1.70 


37 

78 
70 
1* 
.Oh 

.W 
3.0* 


I. 
3 
3. 

8. 


Apr, 


4.25 
1.14 

.19 
3.50 
1.50 
4.32 
2.13 

T. 
1.21 

.98 
2.87 

.48 

.82 
1.60 
1.08 
1.3T 

.48 
1.80 
2.31 
1.24 
2.12 
1.45 

.61 

.51 

.89 

'  0.00 

1.10 

,    .19 

1.07 

2.66 

14.20 

1.6* 

1.99 

.67 
4.32 

.68 
4.  OS 
2.53 

.10 


May 


Juno.,  July.  Aug.   Total. 


0.25 
.60 
.30 

1.45 
.21 

1.15 

1.84 
T. 
.2I» 

1.04 

2.49 
.50 

1.81 
.:)6 
.74 
.16 

.01 

.27 

.65 

.27  I 

.76 

.28 

0.00 
.37 
.04 
.15 
.64 
.17 

1.30 
.76 
T. 
.35 

2.86 

1.16 
T. 
.07 
T. 
.40 


0.00 
0.00 

o.uo 

T. 

.31 

.01 

.03 

.36 

.10 

o.m 

.02 

.14 

.01 
0.00 

.00 
0.00 

.10 
0.00 

T. 

.01 

T. 

T. 

.02 

T. 
0.00 
1.06 
0.00 
0.00 
0.0C 

.18 
0.00 

.50 

.10 
0.00 
L46 

.11 
0.00 
0.00 

.06 


0.00 
0.00 
0.00 

T. 
0.00 
O.OO 
0.00 

.01 
0.00 

.05} 

.65 
0.00 
0.00 

T. 
0.00 

T. 

.08 
0.00 
0.00 
0.00 

T. 
0.00 
0.00 

.02 
..00 
0.00 

.21 
0.00 
0.00 

T. 

T. 

T, 

T, 
0.00 
0.00 

T. 

O.m 

0  00 

T. 


0.00 

o.w 

0.00 
0.00 

T. 
O.OT) 
0.00 

T. 

T. 
0.(V 
0.00 
0.00 

.01 

T. 
'IK 

o!oo 

0.00 
0  00 
0.00 
0.00 

T. 
0.00 
0.00 

T. 
0.00 
0.00 

.02 
0.00 

o.a» 

T. 

T. 

T. 

T. 
0.00 
0.00 
0.00 
0.00 

T. 

T. 


3ii  fi) 
4  71 
K.1«N 
96.  .IK 
30.  (hi 
18.  rtL» 
13. 76 
10. 47 
14.90 
16(»> 
22  tvJ 
l.'i  .Vi 

MM 
7  »i7 
22  .=>! 
17.S^i 
25.  .HJ 
32  7'* 

in.  M 
13  h: 

8.*7 

14.:?! 

2 j  77 

17.   !.'> 

8.«» 
24.  s*; 
17. 8» 
2«i.  47 
JJiV  57 
16.  .M 
IS.  11 
2."i  SS 
16  .> 

:t*  r 

13  l>7 
11  06 
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Annual  precipitation  in  inches—Contiuned, 
SACRAMENTO,  GAL. -Continued. 


Year. 


1888-80.. 
1889-flO.. 
1««)  W.- 
lHHl-aS.. 
l«e-93.. 
l^«J-94-. 
l.HM-05.. 
18»-96... 
1896-97-. 
1897-88.. 
1898-89... 
1899-1800 


Sept 


0.65 

0.00 
.80 
.10 
.18 
.22 
.88 

1.86 
.31 
.16 
.36 

0.00 


Oct. 


0.00 

6.00 
T. 
.10 
.70 
.12 

1.06 
.17 
.55 

1.96 
.64 

4.46 


Nov. 


4.28 
3.15 
0.00 

.48 
6.60 
2.92 

.48 
1.54 
3.56 

.61 

.61 
2.62 


Dec. 


4.63 
7.82 
3.34 
3.28 
4.90 
1.76 
8.86 
1.54 
1.76 
1.64 
2.30 
2.91 


Jan.    Feb. 

Mar. 

Apr. 

0.15    0.33 

6.25 

0.38 

6.62     4.06 

3.00 

1.83 

.53     6.61 

1.78 

2.04 

1.78     2.84 

3.02 

1.20 

3.27     2.66 

3.51 

1.08 

4.17     3.92 

.74  ;    ,34 

8.42     1.84 

1.20 

.86 

9.7«       .00 

2.57 

5.34 

3.66     4.15 

2.54 

.25 

.98     3.19  '    .04 

.28 

3.94       .04     6.02       .10 

3.54       .33 

1.61 

1.88 

May.  June. 


3.25 

1.80 

.  66 

2.38 

1.05 

1.70 

.51 

.92 

.30 

1.50 

.54 

2.88 


0.25 

0.00 

.05 

T. 

0.00 

.46 

0.00 

0.00 

.04 

.14 

.49 

T. 


July. 

Aug. 

Total. 

0.00 

0.00 

19.95 

0.00 

T. 

33.80 

T. 

000 

15.81 

0.00 

0.00 

15.18 

T. 

0.00 

23.95 

T. 

T. 

16.  S) 

.04 

T. 

24.15 

T. 

.20 

23.39 

0.00 

0.00 

17.12 
10.^ 

0.00 

0.00 

0.00 

.02 

15.06 

T. 

0.00 

20.22 

T  indicates  trace. 

No  rainfall  records  of  extended  duration  have  been  maintained 
in  the  higher  portion  of  the  drainage  basin.  A  few  miles  to  the  north, 
on  the  same  slope,  at  Summerdale,  the  record  from  1896  to  1899  shows 
an  average  of  47.86  inches.  At  Sequoia,  on  the  same  range  and  slope, 
50  miles  to  the  north, the  average  for  three  j^ears,  from  1897  to  1900, 
was  46.90  inches,  the  elevation  being  4,452  feet.  At  Second  Garrotte, 
about  60  miles  to  the  northwest,  on  the  same  slope  of  the  Sierra,  a 
thirteen-year  record  shows  an  average  rainfall  of  »38.98  inches,  the 
elevation  being  2,900  feet. 

The  rainy  season  in  California  extends  from  about  the  first  of  Octo- 
ber until  about  the  first  of  April.  The  maximum  monthly  precipita- 
tion probably  occura  during  the  month  of  January.  In  the  foothills 
and  valleys  there  is  practically  no  rainfall  during  the  summer.  In  the 
mountains  above  10,000  feet  in  elevation,  however,  frequent  thunder- 
storms occur  in  the  afternoons,  particularly  during  the  months  of  July 
and  August.  The  rainfall  on  the  western  slope  of  the  sierras,  in  the 
biisin  of  the  Tuolumne,  increases  at  the  rate  of  about  0.8  inch  per 
100  feet  until  an  elevation  of  approximately  7,000  feet  is  reached, 
beyond  which  there  probably  is  no  increase,  though  data  bearing  on 
the  subject  are  meager.  The  mean  annual  rainfall  for  the  basin  is 
probably  about  40  inches  and  the  stream  run-off  about  40  per  cent  of 
the  rainfaU. 

REGIMEN  OF  RIVER. 

The  i)eriod  of  minimum  flow  of  the  streams  is  in  September  and 
October.  The  rains  falling  in  the  foothills  in  the  late  autumn  increase 
somewhat  the  fall  discharge  of  the  river,  but  the  heavier  precipitation 
on  the  higher  mountains  is  retained  until  melted  during  the  following 
summer.  The  river  gradually  increases  in  volume  after  the  first  of 
February,  in  normal  years  usually  reaching  a  maximum  between  May 
20  and  June  10.  This  spring  water  comes  from  the  melting  of  the 
great  snow  banks  above  the  4, 000- foot  contour.  Probably  the  greatest 
floods  that  occur  in  this  drainage  basin  are  brought  about  by  warm 
spring  rains  falling  upon  the  snow  in  the  foothills.     During  mid 
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snmmeT  the  flow  of  the  river  is  maintained  mostly  from  the  melting 
of  the  snow  banks  and  small  glaciers  near  the  crest.  These  never 
entirely  disappear.  It  is  probable  that  during  the  mid  and  late  sum- 
mer period  there  is  a  greater  volume  of  water  in  the  drainage  lines  at 
the  3,000-  or  4,000-foot  contour  than  there  is  in  the  main  stream  at 
the  mouth  of  the  canyon,  as  the  lower  elevations  of  the  drainage 
basin  do  not  then  contribute  materially  to  the  flow,  and  considerable 
loss  by  evaporation  occurs  in  the  lower  reaches  of  the  river. 

In  November,  1878,  the  California  State  engineering  department 
began  measurements  of  the  discharge  of  Kings  River  at  the  base  of 
the  foothills  and  continued  them  until  October,  1883.  The  point  of 
measurement  was  above  all  diversions  by  the  canals  and  shows  the 
total  discharge  of  the  stream.  <^  The  results  of  these  measurements 
are  given  in  the  following  tables: 

Eatitnated  monthly  discharge  of  Kings  River  at  Slate  Point,  CaL 

[DraioaKO  area,  1. 742  square  miles.] 


Month. 


November 
December. 
January... 
February  . 

March 

April 

May 

June :*. 

July 

August-,.. 
September 
October... 


1878-79. 


The  year 


November 
December. 
January... 
February.. 

March 

April 

May 

June 

July 

Au^st 

September 
October  ... 


187»-80. 


The  year 


November 
December . 
January... 
February  . , 

March 

April 

May 

June 

July 

August 

September 
October  ... 


1880-81. 


The  year 


Meandis- 

Total  for 

Run-off. 

charfcein 

month 

Second- 

second- 

inaore- 

Depth  in 

feet  per 

feet. 

feet. 

Inches. 

square 
mile. 

800 

17,861 

0.19 

0.17 

200 

17,831 

.18 

.16 

870 

22,760 

.24 

.21 

870 

48,817 

.52 

.60 

1.070 

121,190 

1.80 

1.13 

4,750 

282,645 

8.03 

2.72 

5,000 

812,972 

8.87 

2.96 

8,700 

2S8,7B6 

2.40 

2.15 

1,650 

101,466 

1.06 

.94 

880 

23,366 

.25 

.22 

770 

16,066 

.16 

.14 

280 

17.217 

.18 

.16 

1,665 

1.205,886 

12.90 

.96 

400 

23,802 

.26 

.23 

1,440 

88,642 

.94 

.88 

720 

44,271 

.47 

.41 

1,040 

00,806 

.66 

.«) 

1,120 

68,866 

.74 

.64 

6.230 

811,207 

a30 

am) 

7,120 

437,702 

4.68 

4.01 

9,540 

667,669 

6.06 

5.41 

4,800 

285,141 

2.44 

2.11 

1,160 

70,711 

.76 

.66 

370 

22,017 

.28 

.21 

220 

18.527 

.16 

.M 

2,768 

2.008,941 

20.63 

1  3S 

220 

18,001 

.18 

.13 

610 

81,850 

.83 

.SJ 

870 

58,404 

.58 

.&i 

2,430 

134.965 

1.46 

l.» 

1.900 

106.876 

1.26 

1.09 

6,800 

846,174 

a7i 

a^ 

8,2») 

506,428 

6.44 

4.71 

5,010 

296,116 

a2i 

2.W 

4.7S0 

294,626 

a  17 

2ni 

650 

39,967 

.48 

.ST 

340 

20,231 

.21 

.19 

250 

16,872 

.16 

.14 

2,683 

1,868,488 

20.06 

L48 

•Physical  Data  and  SUtistics  of  California,  p.  462. 
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EsHmated  monthly  dUcharge  of  Kings  River  at  Slate  Point,  Cal. — Gontinned. 


Month. 


1881-82. 

November 

December 

January 

February 

March 

April 

May 

June 

July 

August ......... 

September 

Odober 

The  year 

1882-«3. 

NoTember  - 

Deoembov 

January 

February 

Ifarch 

April 

May 

June ._ 

July 

August 

September 

October 

The  year 


Mean  dis- 
charge in 
second- 
feet. 


280 

200 

880 

440 

1,280 

3,170 

9,190 

6,410 

2,020 

620 

390 

610 


2,061 


470 

840 

320 

840 

1,060 

2,220 

6,700 

6,780 

1,460 

600 

480 

420 


1,761 


Total  for 
month 
in  acre- 
feet. 


13,686 

15,987 

23,886 

24,486 

76,850 

188,628 

666,071 

881,421 

U»4,205 

38,122 

23,207 

87,607 


1,512,495 


27,967 

20,905 

19,676 

18,883 

64,662 

132,000 

411,967 

400,463 

89,772 

86,898 

28,662 

26,825 


Bun-off. 


Depth  in 
inches. 


0.14 

.17 

.25 

.26 

.83 

2.08 

6.12 

4.10 

1.84 

.41 

.24 

.40 


16.20 


.80 
.22 
.21 

!09 

1.42 

4.48 

4.10 

.97 

.89 

.80 

.28 


1,277,575 


18.68 


Second- 
feet  per 
square 
mile. 


0.18 
.15 

.25 

.72 

1.82 

5.28 

8.68 

1.16 

.86 

.22 

.36 


1.20 


.27 

.19 

.18 

.19 

.60 

1.27 

8.86 

8.68 

.84 

.34 

.27 

.24 


.99 


Since  September,  1895,  the  United  States  Geological  Survey  has 
made  measurements  of  the  total  flow  of  Kings  River  above  the  diver- 
sion of  all  canals.  The  jwint  of  observation  is  known  as  Red  Moun- 
tain. (See  PL  VI,  A.)  It  is  3  or  4  miles  above  the  mouth  of  the  can- 
yon and  within  a  mile  of  the  proposed  point  of  diversion  of  Kings 
River  to  the  Clarks  Valley  reservoir,  described  further  on.  The  data 
showing  the  daily  fluctuation  of  the  river  as  measured  by  the  Califor- 
nia State  engineering  department  are  not  available,  but  the  aggre- 
gate monthly  and  seasonal  discharge  for  the  years  given  by  the  State 
engineer  show  greater  volume  than  the  aggregate  discharge  as  meas- 
ured by  the  Geological  Survey  for  the  minimum  year — 1898.  The 
record  kept  by  the  Geological  Survey  is  given  in  the  following  tables 
and  is. shown  graphically  in  the  diagrams  forming  Pis.  VII  and  VIII: 

Estimated  monthly  discharge  of  Kings  River  at  Red  Mountain^  Cal, 

[Drainage  area,  1,742  square  miles.] 


Discharge  in  second-feet.  - 

Total  for 
month  in 
acre-feet. 

Run-off. 

Month. 

Maximum. 

Minimum. 

Mean. 

Depth  in 
inches. 

Second- 
feet  per 
square 
mile. 

1895. 
September 

3,920 

520 

1,834 

360 
320 
250 
250 

778.0 

8n.o 

368.0 
338.0 

46.294 
22,812 
21,808 
20,168 

0.50 
.24 
.23 
.22 

0.45 

October 

.21 

November 

.21 

December 

Four  moDtha 

530 

.19 

;{.1W»I 

250 

161.0 

111,173 

1.19 

.27 
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Estimated  monthly  discJiarge  of  Kings  River  at  Red  Mountain,  CaL — Continued. 


Month. 


189& 

January 

February 

March 

April 

Itfay 

June 

July 

August 

September 

October 

November 

December 

The  year 

1897. 

.January 

February  

March 

AprU 

May 

June 

July 

AufiTUSt 

September 

October 

November 

December 

The  year 

188& 

January 

February  

March 

April 

May 

June 

July 

AufiTUSt 

September 

October  

November 

December 

The  year 

«       1880. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October  

November 

December 

The  year 

1900. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The  year 


Discharge  in  second- feet. 

Total  for 
month  in 
acre-feet 

Bun-off. 

Maximum. 

Minimum. 

Mean. 

Second- 
Depth  In  feet  per 
Inches.  '  square 

390 

mile. 

u.osao 

1,474.8 

90,682 

0.98 

0.85 

1,140 

728 

825.4 

47,477 

.61 

.47 

7,000 

820 

1,710.6 

106,181 

1.13 

.98 

4,600 

390 

1,938.5 

115.349 

1.24 

1.11 

23,100 

1,140 

5,918.1 

363,890 

3.90 

3.40 

18,920 

5,160 

12.737.3 

757,922 

8.15 

7.31 

6,680 

1,212 

3,742.2 

230,110 

2.48 

2.15 

1,212 

590 

759.9 

48,938 

.52 

.45 

500 

390 

491.3 

29,234 

.31 

.28 

510 

810 

350.0 

21,520 

.23 

.a) 

1,076 

890 

538.5 

32,043 

.35 

.31 

550 

470 

498.4 

30,646 

.33 
20.13 

.39 

22,100 

310 

2,585.1 

1,872,991 

1.48 

624 

360 

437.0 

26,870 

.29 

.25 

6,344 

1,100 

1.631.0 

90,581 

.96 

.93 

4,408 

1,240 

1,884.0 

116,843 

1.22 

1.06 

9,380 

1,930 

5,318.0 

316,442 

3.33 

2.99 

22,r32 

6,344 

14,470.0 

889,731 

9.40 

8.15 

10.580 

2,520 

6,14.5.0 

365.652 

3.87 

a  45 

4,040 

1,030 

2,177.0 

133,859 

1.41 

1.23 

1,100 

440 

739.0 

46,440 

.47 

.42 

480 

250 

329.0 

19,577 

.20 

.18 

672 

270 

394.0 

24,226 

.26 

22 

2,520 

360 

092.0 

41,  m 

.44 

.39 

8,348 

572 

985.0 

60,566 

.63 

.65 

22,732 

250 

2,933.0 
506.0 

2,129,964 

22.47 

1.65 

624 

440 

31.113 

.33 

.29 

1,170 

480 

706.0 

39,164 

.41 

.40 

1,170 

520 

895.0 

56,032 

.58 

.50 

7,820 

1,086 

3.547.0 

211,061 

2.23 

2.00 

6,520 

2.450 

3.536.0 

217.422 

2.29 

1.90 

3,280 

1,310 

2,122.0 

1)36,287 

1.34 

1.30 

1,310 

440 

696.0 

42,796 

.45 

.39 

400 

215 

320.0 

19,676 

.21 

.18 

780 

145 

204.0 

12,139 

.13 

.12 

?i8 

215 

32i).0 

19,676 

.21 

.18 

285 

215 

231.0 

13,746 

.14 

.13 

1,450 

180 

315.0 

19.369 

.21 

.18 

7,820 

145 

1,116.0 

8(J7,460 

8.53 

.63 

1,310 

250 

613.0 

31,543 

.33 

■ 
.29 

1,036 

440 

660.0 

36.655 

.39 

.37 

20,200 

624 

2,165.0 

133,121 

1.41 

1.23 

7,300 

1,834 

4,512.0 

268,483 

2.83 

2.54 

4,780 

1,450 

3,568.0 

219.388 

2.32 

2.U1 

10,300 

2,852 

6,077.0 

361,607 

3.81 

8.42 

2,862 

676 

1,411.0 

86.759 

.91 

.79 

624 

250 

411.0 

25, 2n 

.26 

.23 

285 

180 

215.0 

12,793 

.13 

.12 

1,206 

180 

378.0 

23.242 

.24 

.21 

1,240 

345 

638.0 

37,964 

.40 

.:» 

5,096 

400 

991.0 

60,934 

.64 

..% 

20,200 

180 

1,795.0 

1,297,760 

18.67 

1.01 

12,700 

849 

1,689.0 

108,853 

1.12 

.97 

849 

676 

748.0 

41,  .542 

.46 

.4>3 

2.584 

728 

1.712.0 

105.267 

1.13 

.08 

2,&52 

1,546 

2,008.0 

124,840 

1.34 

1.30 

9,400 

l.lftJQ 

5,881.0 

361,609 

3.90 

8.38 

7.900 

2,986 

5,127.0 

306,078 

3.27 

2.94 

2.584 

572 

1.278.0 

78,581 

.84 

.73 

624 

250 

398.0 

24,472 

.26 

.23 

520 

215 

301.0 

17,911 

.19 

.17 

440 

215 

3<».0 

19.000 

.21 

.18 

15.700 

250 

1,310.0 

77,950 

.83 

.75 

972 

r>72 

215 

720.0 
1,7SW.0 

44,640 

.48 

.42 

;          J  5, 700 

1,304,743 

14.02 

1.03 
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The  last  five  years,  during  which  records  have  been  kept  by  the 
Geological  Survey,  have  been  years  of  relative  drought  in  California, 
as  will  be  seen  by  the  Fresno  rainfall  records  (page  16),  which  are 
continuous  since  1877.  The  twenty-three-year  mean  at  Fresno  is  8.79 
inches,  and  that  of  the  last  five  years  is  8.26  inches.  The  precipita- 
tion during  the  winter  of  1897-98  was  within  0.08  inch  of  the  smallest 
ever  recorded.  It  is  believed  that  the  records  of  the  Geological  Sur- 
vey represent  a  minimum  annual  flow  of  the  river,  and  that  estimates 
based  upon  them  will  be  conservative. 

Perhaps  once  in  ten  years  seasons  of  extremely  low  discharge  may 
occur,  when  there  may  be  a  shortage  of  water  for  the  systems  con- 
templated in  this  report,  but  it  is  believed  that  the  shortage  will  not 
be  great  enough  to  be  seriously  detrimental  to  the  interests  depending 
upon  the  water  supply  for  either  storage  or  power.  It  would  hardly 
seem  to  be  necessary,  or  good  engineering,  to  plan  works  for  a  mini- 
mum flow,  which  probably  will  not  occur  more  than  once  in  ten  years, 
if  during  the  minimum  year  80  or  90  per  cent  of  the  water  supply 
needed  be  available.  A  notable  case  in  point  is  the  Sweetwater  reser- 
voir, which  was  entirely  dry  during  the  season  of  1899-1900,  yet  by 
continued  cultivation  of  the  orchards  and  the  use  of  temporary 
pumping  plants  a  good  crop  was  harvested  from  a  very  i-educed 
supply  of  water.  It  may  be  stated  that  Kings  River,  which  drains 
1,742  square  miles  of  the  western  slopes  of  the  Sierra  Nevada,  from 
banks  of  perpetual  snow  and  from  some  of  the  finest  foresthS  of  the 
State,  can  be  relied  upon  for  a  great  wat<ir  supply.  It  is  one  of  the 
largest  streams  in  the  State  from  which  water  is  obtained  for  irriga- 
tion purposes. 

The  following  is  a  general  summary  of  the  total  volume  of  the  river. 
The  figures  for  the  first  five  years  are  from  the  records  of  the  State 
engineering  department,  those  for  the  last  five  years  are  from  the 
records  of  the  Geological  Survey. 

Annual  discharge  of  Kings  Hiver, 

Acre-feet. 

1878-79 1,205,336 

1879^80 2,003,941 

1880-81 -,--  1,858,489 

1881-82 1,512,495 

1882-83 - 1,277,575 

Five-yearmean 1,571,567 

1896 1,872,991 

1897 2,129,964 

1898 807,450 

1899 1,297,760 

1900 1,304,838 

Five-year  mean 1,482,601 
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The  available  supply  from  the  river  is  discussed  further  in  connec- 
tion with  the  Pine  Flat  reservoir  site  (pages  30  to  33)  and  the  Clarks 
Valley  reservoir  site  (pages  39  to  42). 

KVAPORATIOI^  AND  SEEPAGE. 

Evaporation  observations  were  made  by  the  State  engineering 
department  of  California  from  November,  1881,  to  October,  1885, 
inclusive,  at  Kingsburg,  on  Kings  River,  at  an  elevation  of  297  feet 
above  sea  and  20  miles  southwest  from  the  proposed  Clarks  Valley 
reservoir  site.  The  results  of  these  observations  are  given  in  the  fol- 
lowing table.  A  pan  was  floated  in  the  river  and  observations  were 
m^e  daily  thereon,  the  pan  being  kept  at  practically  the  same  tem- 
perature as  the  water  in  the  stream.  The  total  mean  annual  evapora- 
tion observed  was  3.851  feet. 

Evaporation  at  Kingsburg\  on  Kings  River .*^ 

[Elevation,  397  feet.]  * 


Month. 

Depth  in  feet. 

1881-^8. 

1882-83. 

1883^84. 

1884-«5. 

Novemh^r   » .-.--...-.... ,,.--,.__..  .,„.,, 

p 

0.115 
.065 
.000 
.100 
.305 
.270 
.IfiO 
.500 
.760 
.920 
.730 
.400 

0.170 
.080 
.105 
.050 
.090 
.IflO 
.820 
.295 
.380 
.870 
.820 
.860 

0.21)0 

December ...  __ • .- 

.180 

Jii.nTift''yr ......      ^^    „  .,           

.010 

February -- 

.140 

March ._ - 

.240 

April 

.100 

May 

.340 

June - -. 

.«» 

July 

.710 

August -. 

.990 

September 

.640 

October 

.470 

The  year 

3.630 

4.405 

2.600 

4.680 

*  Physical  Data  and  Statistics  of  Calif  omia,  p.  378. 

The  amount  of  water  lost  by  seepage  and  evaporation  by  the 
Kings  River  canals  was  made  the  subject  of  careful  study  by  C.  E. 
Grunsky,  for  the  California  State  engineering  department,  in  the 
summer  of  1882,  the  results  of  which  are  given  in  Water-Supply  and 
Irrigation  Paper  of  the  United  States  Geological  Survey  No.  18,  page 
74.  The  actual  loss  by  evaporation  from  the  surface  of  the  water  while 
in  transit  in  the  canals  is  very  small;  probably  1  per  cent  would  cover 
it.  The  greater  loss  is  oc(»asioned  by  seepage.  The  canals  of  this  dis- 
trict are  not  all  built  on  true  grades,  and  some  of  them  have  swamps 
and  pools  along  their  courses.  In  one  instance — on  the  Centerville  and 
Kingsburg  canal — a  loss  of  52  second-feet  was  shown  in  1  mile.  The 
observations  by  Mr.  Grunsky  were  made  nearly  twenty  years  ago, 
when  the  water  plane  was  not  so  near  the  surface  as  it  now  is,  and 
consequently  the  seepage  losses  were  greater  than  now.     The  general 
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resnlt  of  his  observations  shows  a  loss  of  307.11  second-feet  in  50.8 
miles  ont  of  a  total  diversion  of  860.83  second-feet.  This  amounts  to 
6.05  second-feet  to  the  mile,  or  36  per  cent  of  the  total  diversion. 
The  measurements  on  the  river  and  on  the  Fresno  canal  were  made 
from  about  a  half  mile  to  20.3  miles  below  its  head,  and  showed  a  loss 
of  64.3  second-feet  out  of  133.83  second-feet  diverted.  On  the  Fresno 
canal  the  loss  from  about  l^  to  23^  miles  below  the  headworks  was 
104.52  second-feet  out  of  381  second-feet  diverted.  On  the  Center ville 
and  Kingsburg  canal,  from  a  half  mile  to  7  miles  from  the  headworks, 
the  loss  was  138.29  second-feet  out  of  346  second-feet  diverted.  Rela- 
tively, the  greater  rate  of  loss  in  the  canals  w^s  in  the  first  few  miles 
from  the  headworks,  where  they  are  in  i)orous  soils,  close  together, 
and  approximately  pai-allel. 

The  loss  of  water  from  a  canal  by  seepage  is  governed  by  the  rate 
of  percolation,  the  area  through  which  percolation  occurs,  and  the 
period  of  time  during  which  a  given  unit  of  water  is  exposed.  The 
greater  the  depth  of  water  in  a  canal  the  greater  the  velocity  of  flow, 
and  consequently  the  less  time  is  a  given  unit  of  water  exposed  to  loss 
by  percolation  in  any  section  of  the  canal.  This  increase  of  veloc- 
ity due  to  greater  depth  is  relatively  larger  than  the  increase  of 
wetted  area  through  which  percolation  takes  place.  For  instance,  if 
an  earthen  canal  40  feet  wide  has  a  slope  of  5.28  feet  to  the  mile  and 
a  depth  of  water  of  2  feet  it  would  discharge  220  second-feet  with  a 
velocity  of  2.74  feet  per  second.  With  other  conditions  the  same,  if 
the  depth  of  water  were  increased  to  4  feet  the  discharge  would  be 
670  second-feet  with  a  velocity  of  4.19  feet  i)er  second.  Thus,  while 
the  wetted  area  exx)osed  to  x)ercolation  increases  9  per  cent  the  dis- 
charge trebles.  For  the  sake  of  comparison,  suppose  the  velocity  of 
I)ercolation  were  0.10  foot  per  hour.  Then  in  the  canal  flowing  2 
feet  deep  the  loss  per  second  per  lineal  foot  of  canal  would  be  0.00122 
second-foot,  and  with  the  canal  flowing  water  4  feet  in  depth  it  would 
be  0.00133  second-foot.  Comparing  this  loss  with  the  respective 
volumes  .carried  by  the  two  canals,  we  find  that  the  relative  loss 
of  water  in  the  large  canal  is  but  40  per  cent  of  that  in  the  small 
canal. 

If  the  three  canals  referred  to  had  been  consolidated  and  all  water 
run  through  the  Kings  River  and  Fresno  canal,  then  using  Mr.  CTrun- 
sky's  data  and  the  foregoing  reasoning  it  would  be  safe  to  say  that 
in  the  first  Hi  miles  of  the  Fresno  canal  95.51  second-feet  would 
have  been  saved,  and  in  the  first  6.5  miles  of  the  Centerville  and 
Kingsburg  canal  138.29  second-feet  would  have  been  saved,  or  233.80 
second -feet  out  of  a  total  loss  of  307.11  second-feet.  This  would 
reduce  the  loss  to  8.5  per  cent  of  the  whole,  instead  of  36  per  cent, 
which  Mr.  Grunsky  found. 

It  must  be  remembered,  however,  that  the  losses  described  occurred 
in  50.8  miles  of  main  canals,  during  the  early  stages  of  irrigation 
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development,  and  that  probably  there  would  be  on  an  average  as 
much  more  lost  in  the  distribution  laterals.  Enough  data  are  not  at 
hand  to  draw  accurate  conclusions,  but  it  is  believed  that  under 
favorable  conditions  fully  25  per  cent  of  the  river  water  would  be  lost 
in  reaching  the  land  to  be  irrigated. 

If  water  be  drawn  from  reservoirs  to  supplement  the  low- water  sup- 
ply of  the  canals  it  will  be  water  added  to  most  of  the  canals  and 
not  subject  to  so  heavy  a  rate  of  loss  as,  say,  25  per  cent  of  the  wat«r 
first  diverted;  probably  15  per  cent  would  be  nearer  the  actual 
amount.* 

RECONKAI8SANCF.  OF  BASIN. 

In  the  investigation  of  the  large  basin  "of  Kings  River,  which  from 
a  hydrographic  point  of  view  was  practically  unknown,  it  was  decided 
to  equip  two  parties  for  the  season's  work.  Accordingly  a  reconnais- 
sance party  was  organized  and  placed  in  charge  of  Mr.  E.  G.  Hamilton, 
topographer  from  the  United  States  Geological  Survey.  The  work  of 
this  party  was  largely  exploratory,  but  at  the  close  of  the  season  the 
Clarks  Valley  reservoir  site  was  surveyed  by  Mr.  Hamilton.  The 
reconnaissance  party  was  instructed  to  visit  all  portions  of  the  drain- 
ago  basin,  make  instrumental  examinations  of  all  possible  reservoir 
sites,  and  at  the  end  of  each  month  report  the  character  of  the  sit/cs 
found.  A  second  party  was  organized,  under  the  direction  of  Mr. 
II.  E.  Green,  an  engineer  of  extended  experience  in  the  construction 
of  storage  reservoirs,  for  the  purpose  of  making  more  detailed  sur- 
veys of  the  better  sites  found  by  the  exploration  party.  The  recon- 
naissance party  reported  upon  and  sketched  seven  reservoir  sites,  four 
of  which  were  surveyed  under  the  direction  of  Mr.  Green. 

The  following  instructions  were  given  to  the  engineers  for  their 
guidance  in  making  reports: 

Report  on  reservoir  survey, 

(1)  Give  name  of  engineer  in  charge  and  date  of  survey. 

(2)  Name  of  locality. 

(8)  Streams  tributary  to  site. 

(4)  I^nd  title  to  site. 

(5)  If  possible  tie  reservoir  surveys  to  land  surveys.    The  point  of  reservoir  .sur- 

vey to  be  tied  in  is  preferably  the  ends  of  the  dam. 

(6)  If  the  land  is  not  subdivided,  tie  reservoir  survey  to  prominent  natural 

objects. 

(7)  Estimate  area  of  tributary  drainage  basin. 

(8)  Give  general  statement  of  elevation  of  drainage  basin  and  elevation  of  reser- 

voir site. 

(9)  State  whether  drainage  basin  is  timbered  or  bare  hills. 

(10)  Compute  water  supply. 

(11)  Give  capacity  of  reservoir  with  various  heights  of  dam. 

(12)  State  character  of  material  for  dam;  earth,  rock  fill,  or  concrete. 


*See  addenda  on  i)ago  09. 
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(13)  For  parposeB  of  prelimiDary  estimate  consider— 

Earthen  dam  20  feet  wide  on  top;  2i  to  1  slope  on  inner  face,  1^  to  1  on  onter 
face.  Describe  the  quality  of  the  available  earth,  which  should  be  a  clay, 
sand,  and  rock,  also  give  length  of  haul. 

Bock-fill  dam  20  feet  wide  on  top;  li  to  1  outer  slope,  1  to  1  inner  slope. 
State  position  of  available  rock  supply,  give  probable  cost  of  cement  deliv- 
ered on  the  ground,  and  available  timber  for  inner  face  and  cost  thereof. 

Concrete  dam.  State  the  proximity  and  relative  elevation  of  quarries,  and 
the  cost  per  barrel  of  cement  delivered  on  the  ground. 

(14)  Report  on  probable  foundations  for  dam. 

(15)  Estimate  on  the  cost  of  dam. 

(16)  State  cost  per  acre-foot  of  water  stored." 

The  requisites  of  a  reservoir  site  are  numerous  and  exacting,  as  fol- 
lows: 

(1)  There  must  be  an  available  water  supply  sufficient  to  fill  the 
basin. 

(2)  There  must  be  a  basin  to  hold  this  supply. 

(3)  There  must  be  a  good  dam  sit«. 

(4)  There  must  be  good  materials  of  which  to  make  a  dam. 

(5)  The  foundations  must  be  able  to  sustain  the  dam. 

(6)  There  must  be  available  lands  upon  which  to  put  the  water. 

(7)  The  entire  project  must  be  on  a  commercial  basis. 

There  are  a  large  number  of  sites  on  the  river  which  were  popu- 
larly supposed  to  \^  good  but  which  proved  to  be  objectionable,  owing 
to  the  lack  of  some  one  of  the  foregoing  vital  requisites. 

The  field  party,  which  consisted  of  a  topographer,  a  rodman,  and  a 
cook,  left  Sanger,  in  Fresno  County,  a  station  on  the  Southern  Pacific 
Railroad  at  an  elevation  of  370  feet,  on  May  22,  1900.  The  route  of 
travel  is  shown  on  the  map,  PI.  I,  which  was  furnished  by  Mr.  J.  N. 
Le  Conte  for  use  in  connection  with  this  report. 

The  first  site  investigated  was  the  upper  Clarks  Valley,  16  miles 
east  of  Sanger,  10  miles  north  of  Reedley,  and  1  mile  north  of  where 
the  stage  road  from  Sanger  to  Millwood  crosses  Wahtoke  Creek ;  ele- 
vation, 500  feet.  This  site  is  at  the  upper  end  of  the  main  Clarks 
Valley  reservoir  sit«,  and  is  included  by  it.  It  is  shown  on  the  map  of 
the  Clarks  Valley  site  (PI.  XIII),  and  is  not  estimated  upon  separately. 

From  Clarks  Valley  the  party  went  back  to  Kings  River,  and  fol- 
lowing along  its  east  bank  to  the  mouth  of  Mill  Creek  ascended  that 
creek  4  miles,  to  McIIaley's  ranch,  at  an  elevation  of  650  feet.  A  half 
mile  above  McIIaley's  ranch  a  reservoir  site  was  surveyed,  and  it  was 
found  that  a  concrete  dam  195  feet  in  height  would  store  3,500  acre- 
feet  of  water  at  a  cost  of  $130  per  acre-foot,  which  of  course  is 
prohibitive. 

After  spending  two  days  in  the  hills  l>etween  Mill  Creek  and  Kings 
River  the  party  went  by  trail  from  McIIaley's  ranch  to  Squaw  Valley, 
then  along  the  Millwood  stage  road  to  Dunlap.     At  Dunlap  a  stay  of 

*  Ad  acre-foot  of  water  is  an  amount  safficiont  to  cover  1  acre  to  a  depth  of  1  foot. 
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three  days  was  made  to  permit  an  investigation  of  the  drainage  of 
Mill  Creek.  After  leaving  Dunlap  the  party  followed  the  stage  road  to 
Millwood,  then  took  the  trail  through  the  General  Grant  National  Park 
to  Huckleberry  Meadow,  a  small  meadow  8  miles  northeast  of  Millwood 
and  at  an  elevation  of  6,000  feet.  With  Huckleberry  Meadow  as  a 
base  of  supplies,  trips  were  made  to  the  meadows  and  basins  within  a 
radius  of  20  miles.  The  largest  of  these  meadows  are  Converse  Basin, 
10  miles  northwesterly  from  Huckleberry  Meadow;  Bearskin  Meadow, 
6  miles  to  the  east;  Burton  Meadow,  10  miles  to  the  east;  Squawskin 
Meadow,  14  miles  to  the  east;  and  Big  Meadows,  16  miles  to  the  south. 
Big  Meadows  is  the  only  one  of  these  reservoir  sites  that  has  a  good 
dam  site,  but  as  it  is  on  the  divide  between  Kings  and  Kaweah 
rivers  and  has  only  8  square  miles  of  watershed  it  was  not  mapx>ed. 
The  Long  Meadow  reservoir  site,  which  is  in  this  locality,  was  sur- 
veyed by  Mr.  Green,  and  the  results  of  the  survey  are  given  on  x>ages 
44  to  46. 

SOUTH  PORK. 

There  are  two  trails  leading  from  Huckleberry  Meadow  to  the  grand 
canyon  of  Kings  River.  The  upper  trail  is  the  shorter  and  better, 
but  there  is  no  bridge  across  Boulder  Creek  and  it  is  dangerotis  to 
attempt  to  ford  it  during  high  water.  On  the  lower  trail,  however, 
there  is  a  bridge,  which  made  it  possible  to  move  the  camp  from 
Huckleberry  Meadow  to  the  grand  canyon  of  the  Kings,  where  two 
sites  were  surveyed,  one  with  the  dam  site  a  half  mile  below  the 
junction  of  Copper  Creek  arid  the  South  Fork  of  Kings  River,  in  sec. 
14,  T.  13  S.,  R.  31  E.,  Mount  Diablo  base  and  meridian,  at  an  eleva- 
tion of  5,000  feet;  the  other,  5  miles  farther  down  the  South  Fork  of 
Kings  River,  with  the  dam  site  a  half  mile  below  the  mouth  of  Lewis 
Creek,  in  sec.  10,  T.  13  S.,  R.  30  E.,  at  an  elevation  of  4,300  feet. 

At  either  of  these  sites  it  would  be  necessary  to  construct  an  over- 
flow dam  on  the  South  Fork.  A  210-foot  dam  at  the  site  below  the 
mouth  of  Copper  Creek  would  store  approximately  29,378  acre-feet 
of  water.  The  estimated  cost  of  storage  is  about  $67  per  acre- foot  for 
a  rubble  masonry  dam.  A  200- foot  dam  at  the  lower  site  would  store 
14,100  acre- feet,  and  the  estimated  cost  of  storage  is  $178  per  acre- 
foot.  These  dams  would  have  to  be  made  of  hydraulic-cement 
masonry.  In  both  of  these  cases  the  excessive  cost  per  acre-foot 
stored  renders  the  construction  of  the  dams  impracticable. 

A  view  in  the  canyon  of  the  South  Fork  near  the  mouth  of  Copper 
Creek  is  shown  in  PL  IX. 

From  the  site  at  the  mouth  of  Lewis  Creek  the  bed  of  the  South 
Fork  down  to  its  junction  with  the  Middle  Fork  is  narrow  and  has  a 
heavy  grade. 
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BUBBS  CREEK  AND  HEADWATERS  OF  SOUTH  FORK. 

The  channels  of  both  of  these  streams  are  narrow,  averaging  from 
500  to  1,000  feet  in  width,  with  high  granite  walls  on  either  side,  and 
with  a  fall  of  from  50  to  200  feet  to  the  mile.  Near  their  headwaters 
are  numerous  small  lakes,  one  of  which,  Lake  Charlotte,  was  mapped. 
(See  fig.  1.)  This  lake  is  on  the  headwaters  of  Bubbs  Creek,  near  the 
divide  between  that  stream  and  the  South  Fork  of  Kings  River,  at  an 
elevation  of  10,500  feet,  and  has  a  drainage  area  of  about  8  square 
miles.  The  surface  area  of  the  lake  is  24  acres  and  the  depth  of  the 
water  about  30  feet.  Owing  to  its  inaccessibility  and  to  the  lack  of  a 
good  dam  site  it  was  not  considered  as  a  possible  storage  basin. 

PL  VI,  £,  is  a  view  of  the  falls  in  a  creek  above  East  Lake  in  the 
South  Fork  drainage. 


Pio.  L— Lake  Oharlotte  reservoir  site. 
PARADISE  VALLEY. 

Paradise  Valley,  on  the  South  Fork  of  Kings  River,  5  miles  above 
the  mouth  of  Bubbs  Creek  and  at  an  elevation  of  6,500  feet,  was 
explored,  but  its  floor,  although  in  places  2,000  feet  wide,  has  a  fall 
of  40  feet  in  1,000  feet,  and  it  therefore  is  not  a  good  reservoir  site. 
It  is  also  inaccessible. 

ROARING  RIVER  AND  SUGARLOAF  CREEK. 

Near  the  headwaters  of  these  streams  are  numerous  small  meadows, 
but  not  one  that  was  visited  has  a  good  dam  site.  The  channels  of 
the  main  streams  are  narrow  gorges  with  falls  or  slopes  varying  from 
60  feet  to  500  feet  to  the  mile.  Leaving  the  South  Fork  of  Kings  River 
the  third  week  in  July,  the  party  started  for  Simpson  Meadows,  on 
the  Middle  Fork,  spending  several  days  in  reconnaissance  en  route, 
but  with  one  exception  (Granite  Basin)  no  reservoir  sites  of  any  value 
were  found.  The  Granite  Basin  site  was  examined  by  Mr.  Green,  the 
results  of  the  examination  being  given  on  page  48. 
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SIMPSON  MEADOWS. 

The  Simpson  Meadows,  on  the  Middle  Fork  of  Kings  River  at  an 
elevation  of  6,000  feet,  have  an  average  width  of  3,000  feet.  The 
larger  part  of  the  meadows  is  on  the  eiist  side  of  the  river,  and 
extends  a  mile  above  the  mouth  of  Goddard  Creek  and  3  miles  below 
it.  A  dam  200  feet  in  height  would  be  required  to  flood  the  meadows. 
Its  top  length  would  be  3,000  feet,  and  the  cost  would  be  so  great  as 
to  make  it  prohibitive.  While  camped  in  Simpson  Meadows  the  party 
spent  several  days  in  exploring  Cartridge,  Palisade,  Goddard,  and 
Disappearing  creeks  and  the  headwaters  of  the  Middle  Fork,  but 
found  no  storage  basins  of  value. 

Leaving  Simpson  Meadows  the  second  week  in  August  the  party 
followed  the  Tunema  and  Collins  trail  to  Cliff  Camp,  on  the  North 
Fork  of  the  river.  (See  PI.  X.)  Between  the  Middle  and  North  forks 
are  numerous  small  meadows,  most  of  them  near  the  summits  of  the 
ridges,  with  from  3  to  5  square  miles  of  watershed,  but  not  one  of 
them  has  a  good  dam  site  or  an  extensive  drainage  basin. 

DUSY  MEADOVV^S. 

On  the  North  Fork  two  reservoir  sites  were  mapped — ^the  Dusy 
Meadows  site  and  one  three-fourths  of  a  mile  farther  up^ream.  At 
the  latter  site,  which  is  the  smaller  of  the  two,  a  concrete  overflow 
dam  150  feet  high  would  stoi'e  5,440  acre-feet  of  water,  but  at  a  pro- 
hibitive cost — about  $276  per  acre-foot  stored. 

The  Dusy  Meadows  reservoir  site  is  in  Fresno  County,  on  the  North 
Fork  of  Kings  River,  in  sec.  36,  T.  10  S.,  R.  27  E.,  and  sec.  31,  T.  10 
S.,  R.  28  E.,  Mount  Diablo  base  and  meridian.  The  drainage  area 
of  the  basin  of  the  North  Fork  above  the  reservoir  site  is  144  square 
miles,  at  an  average  elevation  of  9,000  feet  above  sea  level.  Assum- 
ing the  average  annual  rainfall  to  be  39  inches  and  620  acre-feet  the 
annual  run-off  per  square  mile,  we  have  88,280  acre- feet  as  the 
amount  of  water  available  for  storage  purposes  from  the  drainage 
basin.  The  elevation  of  the  dam  site,  as  detennined  from  aneroid 
measurements,  is  6,300  feet  above  the  sea,  and  the  capacity  of  the 
reservoir  at  different  heights  of  the  water  would  be  as  follows: 

Capacity  of  Dusy  Meadows  reservoir  site. 

Acre- feet. 

Between  20- and  40-foot  levels 180 

Between  40- and  60-foot  levels 860 

Between  60- and  80-foot  levels 2,930 

Between  80- and  100-foot  levels 5,460 

Between  100- and  120-foot  levels 7,420 

Total 16,850 

The  reservoir  site  is  mapped  in  PI.  XI,  A,  and  the  dam  site  in  PL 
XI,  J5.     A  loose  rock  dam  125  feet  in  height,  faced  with  timber,  is 
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A.     CONTOUR  MAP  OF  DUSY  MEADOWS  RESERVOIR  SITE. 


B.     CONTOUR   MAP  OF   DUSY  MEADOWS  DAM  SITE. 
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estimated  upon  for  this  site.  There  is  plenty  of  granite  i-ock  on  both 
sides  of  the  dam  site  which  could  readily  be  transijorted  }>y  cable  or 
other  mechanical  devices,  and  there  are  at  hand  large  quantities  of 
standing  timber,  both  yellow  pine  and  fir. 

In  the  following  estimatiC  of  cost  the  quantities  given  are  for  a  dam 
with  slopes  of  ^  to  1  and  1  to  1,  with  a  width  of  20  feet  on  top,  a 
plank  face  6  inches  thick,  and  sills  12  inches  by  12  inches,  with  12 
feet  between  centers. 

Estimate  of  cost  of  Busy  Mecuiotfs  dam. 

Bock,  378,000  cubic  yards  at  $0.75 $38;3,500 

Plankiiig for  face,  656,000  feet,  B.M.,  at  $40 26,240 

SillB,  111,000  feet,  B.M.,  at  $40  . 4,440 

Labor  in  laying  767,000  feet, B.M.,  at  $6... .       4,600 

$318, 780 

Two  spillways,  one  on  each  side  of  the  dam,  each  having  a  capacity  of 
3,800  second-feet,  45,000  cubic  yards  of  rock  at  $1 -  - .  . .      45, 000 

Arched  outlet  tunnel  4  feet  by  6  feet  by  400  feet  long,  cement 
lined,  at  $10  per  lineal  foot $4,000 

Tower  and  gates  8,000 

Machinery,  cables,  etc _ 35, 000 

87, 000 

Building  road  from  the  end  of  the  present  road  at  Russel's  camp    o  the 

dam  site  (20  miles)  and  about  the  works  (2  miles),  22  miles  at  $3,000.      66,000 

Engineering  expenses  and  contingencies 72, 060 

Total  cost  of  dam _ _ 538,860 

The  total  capacity  of  the  reservoir  being  16,850  acre-feet  and  the 
total  cost  of  the  dam  $538,860,  the  cost  per  acre-foot  stored  would 
be  132. 

DINKEY    CREEK. 

After  leaving  the  North  Fork  the  trail  runs  almost  due  west  for  15 
miles,  to  Russel's  camp,  on  Dinkey  Creek,  through  a  flat,  open  coun- 
try heavily  timbered,  mostly  with  fir,  until  within  3  miles  of  the 
creek,  when  the  trail  begins  to  descend  from  the  7, 000- foot  level  to 
the  6,000-foot  level,  the  sugarpine  trees  become  more  plentiful,  and 
occasionally,  in  the  beds  of  the  streams,  a  few  sequoias  are  seen. 
Dinkey  Creek  does  not  flow  through  any  large  basins  or  meadows. 
The  average  fall  of  the  creek  is  from  25  to  75  feet  in  1,000,  except 
near  the  headwaters,  where  the  bed  is  in  solid,  glaciated  granite  chan- 
nels, with  a  fall  of  from  10  to  25  feet  in  1,000. 

From  Russel's  camp  west  to  Ockenden,  ^  distance  of  15  miles,  there 
is  a  road  built  to  enable  the  lumbermen  to  haul  sugarpine  shingles  to 
a  market  at  Fresno.  There  is  probably  no  place  in  California  where 
there  is  more  reckless  destruction  of  timber  than  along  this  road. 
On  either  side  of  it  hundreds  of  fine  sugarpines  have  been  cut.  Trees 
3  to  5  feet  in  diameter,  with  the  lowest  limbs  60  and  70  feet  from  the 
^ound,  have  l)een  felled  to  use  perhaps  from  6  to  0  feet  of  the  base 
for  shingles,  leaving  the  rest  of  the  timber  to  rot. 
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PINE    FLAT. 

Aft<*r  exploring  the  drainage  basins  of  Big  and  Sycamore  creeks 
the  party  made  a  detailed  survey  of  the  Pine  Flat  reservoir  site  (see 
PL  XII),  on  the  main  Kings  River,  5  miles  below  Trimmer,  in  sees.  12, 
19,  24,  25,  20,  35,  and  36,  T.  12  S.,  R.  24  E.,  Mount  Diablo  base  and 
meridian.  The  dam  site  is  in  section  35.  The  elevation  at  the  base 
of  the  proposed  dam  is  6(X)  feet.  The  bed  rock  is  a  blue  slate,  solid 
and  bare  in  the  creek  bed  but  seamy  on  the  east  side. 

The  following  estimates  of  the  capacity  and  cost  of  the  reservoir  are 

only  preliminary  and  approximate.     Careful  examinations  should  be 

made  before  construction  is  begun.     A  section  of  the  proposed  weir 

is  shown  in  fig.  2. 

Caixxcity  of  Pitie  Flat  reservoir. 


Height 
of  dam. 

Area. 

Capacity 
Ijetween 
contours. 

Acre-feet. 

Total  ca- 
pacity. 

Acre-feet. 

Feet. 

Acres. 

0 
20 

0.0 
57.2 

572 



572 

40 

187.0 

2,442 

3,014 

60 

372.3 

5,593 

8,607 

80 

5«8.7 

9,410 

18,017 

100 

912.7 

14,814 

32,831 

120 

1,136.0 

20,377 

53,206 

140 

1,373.9 

24,969 

78,197 

im 

1,642.9 

:tt,168 

108.365 

180 

1,902.4 

35,458 

143,818 

200 

2,174.0 

40,764 

184,582 

Estimated  cost  of  dam  200  feet  in  height, 

485,000  cubic  yards  of  rubble  masonry  at  $7 $3,395,000 

Concrete  apron  at  lower  toe  of  dam,  1,400  feet  long,  60  feet  wide,  and  3 

feet  thick, 9,333  cubic  yards  at  $b 84.000 

Gates,  outlet  pipes,  etc _  50, 000 

Right  of  way 25,000 

Engineering,  2^  per  cent 88, 850 

Contingencies, 7i  percent 206.550 

Total ... 3,909,400 

Estimated  cost  of  dam  140  feet  in  height, 

212,000  cubic  yards  of  rubble  masonry  at  $7   $1,484,000 

Concrete  apron  at  lower  toe  of  dam,  1,100  feet  long,  50  feet  wide,  and 

3  feet  thick,  6,111  cubic  yards  at  $9 - 55,000 

Gates, outlet  pipes, etc 50,000 

Right  of  way 25,000 

Engineering 50, 000 

Contingencies    86,000 

Total... 1,750,000 

The  cost  per  acre-foot  of  water  stored  is  $21.18  for  the  200-foot 
dam  and  122.38  for  the  140- foot  dam.  In  the  case  of  the  140-foot  dam, 
if  the  interest  on  the  cost  of  the  works  be  taken  at  6  per  cent,  the 
taxes  at  eiglit-tenths  of  1  per  cent,  and  maintenance  at  $10,000  per 
annum,  the  annual  charge  for  operation  will  be  1129,000,  or  $1.65  for 
each  acre-foot  stored  in  the  reservoir.     If  20  per  cent  of  the  water 
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stored  is  lost  by  seepage  and  evaporation  before  roacliing  the  lands  to 
be  irrigaUMl,  the  annual  charge  per  acre-foot  delivered  will  be  1^2.06. 
The  estimates  are  for  a  dam  made  of  large  blocks  of  granite  bedded 
in  a  hydraulic-cement  mortar.  It  would  be  16  feet  wide  on  top,  and 
with  such  side  slopes  that  the  resultant  of  all  pressures  would  fall  well 
within  the  central  third  with  10  feet  of  water  passing  over  the  crest. 
With  the  200-foot  dam,  the  length  of  which  is  1,400  feet,  the  max- 
imum observed  flood,  40,000  second-feet,  would  have  had  a  depth  on 
its  crest  of  4.2  feet;  and  with  the  140-foot  dam,  which  is  1,100  feet 


Pig.  2.— Section  of  proprjsed  Pino  Flat  weir. 

long,  this  depth  would  have  been  4.8  feet,  assuming  that  all  water 
passed  over  the  crest.  Bed  rock  is  at  the  surface  on  the  sides  and 
bottom  of  the  canyon  at  the  dam  site.  It  is  a  firm  blue  slate.  The 
estimate  is  for  the  entire  structure  bedded  10  feet  deep  in  the  rock. 
A  trench  of  greater  depth  would  have  to  be  sunk  and  filled  with  con- 
crete at  the  upper  toe.  The  bed  rock  should  be  given  most  careful 
study  before  construction  is  begun.  The  estimate  includes  an  apron 
of  concrete  extending  from  50  to  GO  feet  below  the  lower  toe  of  the 
dam   {w»ross  its  entire  width,  for  the  protection  of  the  lower  toe. 
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While  estimates  are  given  for  both  a  140- foot  and  a  200- foot  dam, 

m 

the  140-f()ot  is  considered  the  better  for  the  location. 

This  reservoir  site,  although  costing  nearly  double  that  of  Clarks 
Valley  per  acre-foot  of  storage  capacity,  is  of  importance  in  the  ulti- 
mate development  of  the  lands  under  Kings  River.  Being  on  the  main 
stream  it  would  catch  the  flood  discharge  up  to  its  full  capacity.  It 
is  just  above  the  diversions  of  all  irrigation  canals  and  above  the 
proposed  diversion  canal  line  to  the  Clarks  Valley  reservoir  site, 
which  is  not  on  the  river.  (See  map  of  drainage  basin,  PL  I.)  Thus 
it  could  be  used  as  a  regulator  or  governor  to  the  river  for  the  con- 
veyance of  water  to  the  Clarks  Valley  reservoir,  and,  after  that  had 
been  filled,  for  the  holding  of  the  surplus  water.  For  example,  it  is 
obvious  that  so  great  a  volume  as  passed  in  January,  1896  (see  dis- 
charge diagram,  PI.  VII),  when  on  the  18th  the  discharge  increased 
to  8,500  second-feet  and  on  the  11th  to  11,020  second-feet,  must  be  in 
large  part  lost  in  passing  the  headworks  of  the  diversion  canal  (capac- 
ity 1,250  second-feet)  to  the  Clarks  Valley  site  and  the  irrigation  canals 
(combined  capacity  of  4,000  second-feet) ;  but  with  this  large  regulator 
on  the  main  stream  all  of  the  wat;er  would  be  saved  and  gradually  dis- 
charged into  the  Clarks  Valley  canal,  leaving  the  Pine  Flat  reservoir 
empty  and  in  readiness  for  the  next  flood.  The  indirect  benefit  of  the 
Pine  Flat  reservoir  as  a  governor  would  be  as  great  as  its  direct  utility 
as  a  storage  reservoir,  and  the  site  should  be  controlled  by  the  irriga- 
tion interests  of  Kings  River. 

Discharge  of  Kings  River  ^  shotving  avwunts  of  xvater  available  for  storage.*^ 


Seasonal  year,  November  to 
October,  inclusive. 


Total  sea- 
sonal dis- 
charge 
Nov.  1  to 
Oct.  81. 


1896-96 

1896-97 

1897-98 

1898-99 

1899-1900-r.".'.'";.""!."."'.'..'".".'-  ;    1,281,061 


Acre- feet. 

1,858,425 

2,(J88.»M 

876,079 

1,227,217 


Mean 1,465,139 


Total  sea- 
sonal di- 
version 
Nov.  1  to 
Oct.  31.  b 


Acre-feet. 

1,070,900 

1.198.091 

820,522 

996,307 

1,082,158 


1,083,716 


Diversion 

Nov.  1  to 

Peb.28.c 


Acre-feet. 
134,162 
168,846 
164,220 
102.348 
214,527 


Sum- 
mer. 


Irrigation 

diversion 

Mar.  1  to 

OctSl.d 


156,819 


1896 
1897 
1898 
1899 
1900 


Acre-feet. 
996,748 
1.029.845 
656,302 
803,959 
817,681 


866,897 


Surplus 
after  sam- 
mer  diver- 
sion Mar.  1 
toOct.SL 


Acre-feet. 
9J5.e«6 
1.069,079 
219.777 
833^258 
463,490 


596.2^ 


•  From  gagings  of  the  United  States  Geological  Survey  at  Red  Mountain  station. 

<>  This  assumes  a  diversion  from  the  river  of  4,000  second-feet  (the  full  capacity  of  the  irrisation 
canals)  between  March  1  and  October  31  and  2,000  second -feet  between  November  1  and  rebm- 
ary  ^,  when  the  water  in  the  river  is  available. 

"Tot*l  flow  of  river  up  to  2,000  second-feet. 

^  Total  flow  of  river  up  to  4,000  second-feet. 

•The  season  of  1900-01  wa&  one  of  abundant  supply. 

It  is  believed  that  if  an  ample  summer  supply  is  assured  midwinter 
irrigation  will  be  largely  if  not  entirely  discontinued. 

By  reference  to  the  table  on  page  21,  giving  a  summary  of  the  stream 
measurements  by  the  California  State  engineering  department  and  by 
the  United  States  Geological  Survey,  it.  will  be  seen  that  during  a 
period  of  observation  of  ten  years  the  season  of  1897-98  (summer  of 
1898)  had  the  lowest  flow,  the  season  of  1878-79  being  next,  with  a 
discharge  of  307,886  acre-foet  moi-e  than  in  the  former  season.      A 
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twenty-three  ye»T  rainfall  record  at  Fresno  (see  table  on  pa^ge  16) 
shows  the  year  of  lowest  precipitation  to  have  been  1878-79,  when  4.87 
inches  fell,  the  next  lowest  being  the  season  of  1897-98,  when  4.95 
inches  were  observed.  The  official  rainfall  record  at  Sacramento  (see 
table  on  page  16)  shows  the  lowest  precipitation  during  the  period 
over  which  the  record  extends  (1877-1900)  to  have  been  in  the  season 
of  1897-98,  the  amount  being  10,50  inches.  It  will  be  noted  that 
stream  measurements  have  been  made  during  the  years  of  lowest 
observed  rainfall  at  Fresno,  and  that  both  five-year  periods  (page  21) 
were  during  cycles  of  low  rainfall.  In  fact  not  one  of  these  years 
was  a  wet  year.  An  old  rainfall  record  kept  at  Sacramento  by  Dr. 
Thomas  Logan  since  1849  shows  dry-year  records  as  follows:  1850-61, 
4.71  inches;  1863-64,  7.87  inches;  1870-71,  8.47  inches.  The  Central 
Pacific  Railway  shows  a  record  of  8.95  inches  in  1876-77.  All  of  these 
are  below  the  observed  rainfall  of  10.50  inches  at  Sacramento  in 
1897-98.  It  is  not  believed  that  a  standard  rain  gage  was  available  at 
Sacramento  in  the  winter  of  1850,  and  the  record  of  4.71  inches  is 
so  much  below  any  other  record  during  the  fifty-one  years  of  observa- 
tion that  it  may  be  seriously  questioned. 

In  view  of  all  the  facts,  the  following  conclusions  seem  justifiable: 

(1)  The  observed  flow  of  Kings  River  for  the  season  of  1897-98  may 
be  assumed  to  be  a  very  low  discharge  but  not  an  absolute  minimum. 
For  the  purpose  of  this  report  it  may,  however,  be  taken  as  a  minimum. 

(2)  These  minimum  years  probably  will  occur  about  once  in  ten 
years. 

(3)  There  will  be  enough  water  during  November  to  February, 
inclusive,  in  excess  of  the  4,000  second-feet  summer  diversions  (March 
to  October),  to  fill  the  Pine  Flat  reservoir  every  year  if  the  dam  is 
built  to  a  height  of  140  feet,  capacity  78,197  acre-feet. 

(4)  In  nine  out  of  ten  years  there  will  be  enough  water  to  supply 
all  winter  and  summer  irrigation  on  the  present  basis  and  leave  the 
Pine  Flat  reservoir  full  for  use  after  July  1. 

(5)  The  water  that  would  be  stored  in  the  Pine  Flat  reservoir  is 
water  that  otherwise  would  be  lost. 

(6)  The  Pine  Flat  reservoir  would  irrigate  the  most  valuable  lands  in 
Fresno  and  Tulare  counties,  now  dry  and  unproductive. 

(7)  The  cost  of  reservoir  would  be  122.38  per  acre-foot  stored,  and  the 
earning  powers  of  the  reservoir  many  times  that  amount. 

The  available  water  supply  is  discussed  further  in  connection  with 
the  Olarks  Valley  reservoir  site  (pages  39  to  42). 

CLARKS  VALLEY. 

After  completing  the  work  in  the  drainage  basin  of  Kings  River  a 
reconnaissance  of  the  foothills  was  made,  extending  as  far  as  the 
mouth  of  San  Joaquin  River  on  the  northwest  and  on  the  southeast  to 
15  miles  from  the  mouth  of  Kings  River,  with  a  view  to  finding,  if 
possible,  a  storage  basin  to  which  the  flood  waters  of  the  river  could 
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be  diverted.  The  only  basin  found  was  Clarks  Valley.  This  reser- 
voir sit-e  is  in  Fresno  County,  16  miles  east  of  Sanger.  The  stage  road 
from  Sanger  to  Millwood  runs  from  west  to  east  through  the  center  of 
the  site.  In  elevation  it  commands  all  of  the  canals  diverting  water 
from  Kings  River  except  the  Gould  canal,  and  is  within  2  or  3  miles 
of  the  intake  of  most  of  those  systems.  It  is  about  1^  miles  distant 
from  the  main  drainage  line  on  Kings  River  opxK>sit>e  the  reservoir 
and  approximately  100  feet  higher.  It  is  proposed  to  fill  this  reser- 
voir, by  means  of  a  diversion  canal,  with  the  flood  and  excess  waters 
of  Kings  River.  The  diversion  canal  would  be  53,600  feet  in  length. 
The  headworks  would  be  above  the  mouth  of  Mill  Creek  and  at  the 
Pine  Flat  dam  site. 

One  rather  x)eculiar  feature  of  Clarks  Valley  is  that  three  isolated 
buttes  partially  inclose  a  portion  of  San  Joaquin  Valley  between 
themselves  and  the  foothills  of  the  main  range.  To  make  the  reser- 
voir complete  the  openings  between  these  hills  will  have  to  be  closed 
by  three  separate  dams.  The  arroyo  of  Wahtoke  Creek,  which  passes 
through  the  center  of  the  reservoir  site,  is  about  75  feet  wide  and  20 
feet  deep.  The  maximum  height  of  dam  is  considered  from  the  bot- 
tom of  this  arroj'o,  which  gives  a  somewhat  exaggerated  idea  of  it. 
(See  PI.  XIII.)  The  location  will  permit  the  construction  of  a  dam 
105  feet  maximum  height,  which  will  impound  water  to  a  maximum 
depth  of  100  feet.  For  the  purpose  of  this  report  it  was  decided  to 
give  estimates  on  the  cost  of  building  a  dam  of  105  feet  maximum 
height  and  also  one  of  85  feet  maximum  height,  to  impound  water  to 
maximum  depths  of  100  feet  and  80  feet,  respectively.  The  heights 
of  the  two  smaller  dams  will  depend  upon  the  height  of  the  larger  or 
central  dam,  as  shown  in  the  tables  on  pages  35  and  37. 

The  drainage  area  of  the  basin  of  Wahtoke  Creek,  in  which  the 
Clarks  Valley  site  is  located,  is  33  square  miles.  The  average  eleva- 
tion of  the  drainage  basin  is  1,000  feet.  Assuming  the  average  annual 
rainfall  to  be  20  inches  and  the  run-off  12  per  c^nt,  we  have  4,224: 
acre-feet  as  the  amount  of  water  available  for  storage  from  the  local 
drainage  basin.  The  assumed  elevation  at  the  base  of  the  dam  is 
400  feet,  which  is  the  elevation  used  for  maps  and  calculations.  For 
sea  level  29  feet  should  be  added.  The  capacity'  of  the  reservoir  at 
different  heights  of  the  water  is  given  in  the  following  table.  The 
elevation  of  the  outlet  is  420  feet. 

Capacity  of  Clarks  Valley  reservoir  site. 


Maxi- 
mum 
depth  of 
water. 

Area. 

An-fs. 
0.0 

34«.3 

1,146.0 
2,5413.2 
4,:«5.2 
5.:W4.5 

Capacity 

or  8er- 

tiou. 

Acre-feet. 

Total 
capacity. 

Feet. 
0 

Acre-feet. 

30 

(      Bolow 

\     outlet. 

13.94;? 

:j7,:w2 

00. 174 
W.(W7 

} 

40 

00 

80 

100 

13.943 

51,335 

130, 49U 

217, 1«J 

1 
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The  dams  would  be  of  earth,  the  material  in  each  case  being  near 
enough  to  the  dam  site  to  i-eadily  be  tran8i>oi-ted  by  cables  or  other 
mechanical  devices.  A  reddish  clay  containing  about  10  per  cent 
of  coarse  gravel  and  some  sand  can  be  used. 

105-POOT  DAM. 

The  following  quantities  are  for  a  large  dam  105  feet  high,  20  feet 
wide  on  top,  with  a  slope  of  2^  to  1  on  the  upstream  side  and  1^  to  1 
on  the  lower  side.*^  The  maximum  depth  of  water  will  be  100  feet 
and  the  storage  capacity  217,196  acre-feet. 

QuantitipJt  of  material  for  lOS-foot  dam  and  the  two  side  structures. 


Dam. 

on  crest. 

Greatest 
depth. 

Earth. 

Nal 

Feet, 
8,370 
8,866 
8,880 

Feet. 
88 
106 
66 

Cu.  yds. 
886,000 

No.  2 

6,272,990 

No.  3 

666,460 

Total 

6,714,470 

At  20  cents  x>er  cubic  yard  the  cost  of  the  dams  would  be  11,342,895. 

To  fill  the  reservoir  to  the  100-foot  level  (217,196  acre-feet)  a  con- 
duit with  a  capa<*ity  of  1,250  cubic  feet  per  second  would  be  required. 
The  total  length  of  this  conduit,  from  the  headworks  on  Kings  River  to 
the  reservoir,  would  be  53,600  lineal  feet,  as  follows:  7,000  feet  of 
tunnel  into  reservoir,  3,600  feet  of  cutting  at  entrance  and  discharge 
of  tunnel,  and  43,000  feet  of  canal  partly  in  rock. 

hUake  iunnd, — ^The  elevation  of  the  bottom  of  the  inlet  tunnel  at 
its  reservoir  end  is  fixed  at  20  feet  above  the  maximum  flow  line  for 
the  larger  (105-foot)  dam,  so  as  to  permit  raising  the  dam  in  the 
future.  The  elevation  of  the  intake  at  Kings  River  is  estimated  at 
558. 5  feet.  The  elevation  of  the  Kne  Flat  dam  site  is  approximately  600 
feet.  The  cross  section  of  the  inlet  tunnel  will  be  lOJ  feet  by  12  feet, 
and  the  velocity  of  the  water  will  be  10  feet  per  second.  The  tunnel 
will  be  in  granite.  The  estimated  cost,  unlined,  is  $12  per  running 
foot,  or  a  total  of  $84,000,  exclusive  of  the  tunnel  approaches,  the  cost 
of  which  will  be  as  follows: 

Cutting  at  entrance  to  tnnnel: 

13,700  cubic  yards  of  rock  at  |1 $13,700 

27,410  cubic  yards  of  earth  at  $0.20 5,482 

Catting  at  discharge  end  of  tunnel: 

10,073  cubic  yards  of  rock  at  $1 10,072 

5,a36  cubic  yards  of  earth  at  $0. 20 1,007 

Total 30,261 


*  This  section  is  assamed  for  the  purpose  of  thia  estimate  and  is  not  necessarily  final.  This 
important  matter  should  be  most  carefully  considered  before  construction  is  Ije^n  and 
determined  only  after  detailed  examination  of  the  material  available  and  of  the  foundations. 
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Diversion  canal, — The  canal  will  have  a  capacity  of  1,250  cubic 

feet  per  second  and  a  grade  of  1.056  feet  to  the  mile  in  earth  and 
loose  rock  and  3.168  feet  to  the  mile  in  solid  rock  section.     The  l3ot- 

torn  width  will  be  17  feet  and  the  cost  as  follows: 

Earth,  362,000  cubic  yards  at  $0.20 $72,400 

Loose  rock,  401,505  cnbic  yards  at  $0.50 200,750 

Solid  rock,  78,600  cubic  yards  at  $1 .    78,600 

Total 351,750 

Sections  of  the  canal  in  earth  and  loose  rock  and  in  solid  rock  are 
shown  in  PI.  XIV. 

SpiUivay  at  dam  No.  2. — This  spillway  will  be  100  feet  wide,  with  a 
capacity  of  1,698  cubic  feet  per  second  and  a  depth  of  water  of  3  feet. 
The  cost  will  be  as  follows: 

25,886  cubic  yards  of  rock  at  $1 $25,886 

16,650  cubic  yards  of  earth  at  $0.25 4,163 

Concrete  walls  and  foundations  in  earth 24, 725 

Water  cushion  at  foot  of  spillway 3,006 

Total 57,780 

The  spillway  will  have  to  provide  for  floods  in  the  local  drainage 
basin  (33  square  miles)  of  Wahtoke  Creek  only.  The  area  of  the 
reservoir  at  the  100-foot  level  is  5,344  acres,  and  if  there  were  no  spill- 
way it  would  require  a  flood  of  2,672  second-feet  for  one  day  to  raise 
the  water  level  1  foot.  The  top  of  the  dam  will  be  5  feet  above  the  spill- 
way. The  west  end  of  dam  No.  2  is  shown  in  plan  and  section  in 
PI.  XV,  Ay  and  a  longitudinal  section  of  the  spillway  in  PL  XIY,  D. 

Outlet  kinnely  tower^  gates,  etc. — PI.  XV,  B,  shows  a  cross  section 
and  a  longitudinal  section  of  the  outlet  channel,  and  PL  XIV,  C, 
combined  sections  with  tower.  The  cost  of  the  outlet  tunnel,  tower, 
gates,  etc.,  is  as  follows: 

Outlet  tunnel,  1,100  lineal  feet,  10  feet  by  12  feet  clear  section,  cement 
lined,at$12 $13,200 

Cutting  approach  to  tower: 

1,381  cubic  yards  of  rock  at  $1 $1,381 

2,762  cubic  yards  of  earth  at  $0.25 690 

Cutting  at  discharge  end  of  tunnel : 

741  cubic  yards  of  rock  at  $1 741 

1 ,481  cubic  yards  of  earth  at  $0.25 370 

3, 182 

Concrete  valve  tower,  12  feet  inside  diameter  and  85  feet  high 3, 352 

Concrete  dam,  100  feet  long,  connecting  tower  with  tunnel 2, 782 

Four  pipes  through  concrete  dam.  each  48  inches  in  diameter  by 

100  feet  long,  with  gates  attached,  at  $1,500. .._ 6,000 

Tower  valves  and  appliances,  seven  at  $500 3, 500 

House  on  top  of  tower .  _ 500 

Concrete  and  iron  footbridge  to  tower,  two  spans  of  125  feet  each .  5, 000 

Concrete  and  iron  footbridge  over  spillway,  100  feet    2, 000 

28,134 

Total 39,516 
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Headworks  on  Kings  River, — The  estimated  cost  of  diverting  dam, 
sand  box,  gates,  etc.,  is  $25,000. 

Summary  of  cost — Summarizing,  the  cost  of  the  works  with  large 
dam  105  feet  high,  storing  217,196  acre-feet,  is  as  follows: 

Dams  Nob.  I,2,and3 , $1,342,895 

Inlet  tonnel,  or  feed  oondnit 84,000 

Cnttiiig  at  each  end  of  inlet  tunnel 30,261 

Canal  between  intake  and  tnnnel  approach 851, 750 

Spillway  at  dam  No.  2 57,780 

Outlet  tnnnel ..-. -. 13,200 

Gntting  at  each  end  of  ontlet  tnnnel 8, 182 

Valve  tower,  gates,  etc 23,134 

Intake  works  on  Kings  River 25,000 

Right  of  way 75,000 

2,006,202 
Engineering  and  contingencies,  10  per  cent 200,620 

Total 2,206,822 

The  cost  per  acre-foot  of  water  stored  is  $10.15. 

Annual  cost  per  acre- foot  of  water  delivered. — Figuring  the  interest 
at  6  per  cent  of  the  cost  of  the  works  ($2,206,822),  the  taxes  at  eight- 
tenths  of  1  per  cent  of  the  cost,  and  maintenance  for  the  reservoir 
and  diversion  canal  at  $10,000  j>er  annum,  we  have  an  annual  charge 
against  the  plant  of  $160,064.  We  have  found  that  the  evax)ora- 
tion  would  amount  to  Si  per  cent  of  the  entire  storage  capacity  of 
the  larger  reservoir;  but  if  we  take  the  evaporation  at  5  per  cent 
and  the  seepage  in  the  canal  at  15  per  cent  we  have  173,757  acre-feet 
available  for  delivery.  This  divided  into  the  annual  charge  of 
$160,064  gives  an  annual  cost  per  acre-foot  of  water  delivered  from 
the  reservoir  to  the  lands  of  $0.92. 

85-POOT  DAM. 

The  following  quantities  are  for  a  large  dam  85  feet  high,  20  feet 
wide  on  top,  with  a  slope  of  2^  to  1  on  the  upstream  side  and  a  slope 
of  14^  to  1  on  the  downstream  side.  The  maximum  depth  of  water  will 
be  80  feet  and  the  storage  capacity  120,499  acre-feet. 

Qtuintities  of  material  for  85- foot  dam  and  the  two  side  structures. 


Dam. 

Length  on 
crest. 

areatest 
depth. 

Earth. 

N0.1 

Feet 
3,100 
8,640 
2,685 

Feet 
63 
85 
43 

Cu.  yds. 
504,180 

N0.2 

3,065,171 
248,468 

N0.8 

Total 

3.837.828 
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At  20  cents  per  cubic;  yard  the  cost  of  the  dams  would  be  $767,566. 

To  fill  the  reservoir  to  the  80-foot  level  (120,499  acre-feet)  a  conduit 
with  a  capacity  of  at  least  525  cubic  feet  per  second  would  be  required. 
The  total  length  of  the  conduit  from  the  head  works  on  Kings  River  to 
the  reservoir  would  be  53,600  feet,  divided  the  same  as  for  the  105-foot 
dam,  i.  e.,  7,000  feet  of  tunnel,  3,600  feet  of  cutting  at  entrance  and 
exit  of  tunnel,  and  43,000  feet  of  diversion  canal. 

Intake  tunnel. — The  feed  tunnel  will  be  of  the  same  dimensions  and 
grade  and  in  the  same  location  as  for  the  105-foot  dam — 7,000  lineal 
feet  in  solid  rock,  unlined,  at  $12  per  lineal  foot,  $84,000,  plus  the  cost 
of  cutting  at  the  entrances,  $24,790.  The  elevation  of  the  lower  end 
of  the  inlet  tunnel  is  fixed  at  520  feet,  the  same  as  for  the  larger  res- 
ervoir, so  as  to  permit  increasing  the  height  of  the  dam  in  the  future, 
if  desired.     The  elevation  of  the  intalce  is  taken  at  558.5  feet. 

Diversion  canal, — The  canal  will  have  a  capacity  of  525  cubic  feet 
per  second  and  a  grade  of  1.584  feet  to  the  mile  in  earth  and  loose 
rock  and  4.224  feet  to  the  mile  in  solid  rock  section.  The  bottom 
width  will  be  10  feet  and  the  cost  as  follows: 

151,330  cubic  yarda  of  earth  at  $0.20 - $30,366 

30,840  cubic  yards  of  rock  at  $1 30,840 

166,140  cubic  yards  of  loose  rock  at  $0.50 83,070 


Total 144,176 

Spillway  at  dam  No.  2. — The  spillway  will  be  100  feet  wide,  with  a 
capacity  of  940  cubic  feet  per  second  and  a  depth  of  water  of  2  feet. 
The  cost  will  be  as  follows: 

13,625  cubic  yards  of  earth  at  $0.25 $3,406 

27,251  cubic  yards  of  rock  at  $1 27,251 

Foundation  in  earth,  3,000  cubic  yards  at  $0.50 1,500 

Concrete  in  walls  and  bottom,  3,000  cubic  yards  at  $6    18,000 

Total - 50,157 

Outlet  tumiel,  tcrwer,  gat-es,  etc. ^The  cost  of  the  outlet  tunnel  and 
of  cutting  approach  to  tower  and  at  discharge  end  of  tunnel  would  be 
practically  the  same  as  for  the  105-foot  dam.  The  estimate  of  cost  of 
tower,  gates,  etc.,  is  as  follows: 

Concrete  valve  tower,  12  feet  inside  diameter  and  85  feet  high $3, 352 

Concrete  dam  100  feet  long,  connecting  tower  with  tunnel 2, 783 

Four  pipes  through  concrete  dam,  each  48  inches  diameter  by  100  feet  long, 

with  gates  attached,  at  $1,500 6,000 

Tower  valves  and  appliances,  seven  at  $500 3,500 

House  on  top  of  tower _ 500 

Concrete  and  iron  footbridge  to  tower,  two  spans  of  125  feet  each 5, 000 

Concrete  and  iron  footbridge  oyer  spillway,  100  feet 2,000 

Total - 23,134 

Headworks  on  Kings  River. — ^The  estimated  cost  of  diverting  dam, 
sand  box,  gates,  etc.,  is  the  same  as  for  the  105-foot  dam,  viz,  $25,000, 
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tunnel. 
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Summary  of  cost. — Sammarizing,  the  cost  of  the  works  with  large 

dam  85  feet  high,  storing  120,499  acre-feet,  is  as  follows: 

Dama  Nob.  1,  2,  and  3 _ $767,5e6 

Feedtnimel 84,000 

Catting  at  each  end  of  inlet  tnnnel -^ 24,790 

Diversion  canal  between  intake  and  tnnnel  approach 144, 176 

Spillway  at  dam  No.  2 60,157 

Ontlet  tnnnel 13,200 

Cutting  approaches  at  each  end  of  outlet  tnnnel 8, 000 

Valve  tower,  gates,  etc 38,184 

Headworks  on  Kings  Biver 25,000 

Rightofway 75,000 

1,210,028 
Engineering  and  contingencies,  10  per  cent 121, 002 

Total 1,331,025 

The  cost  per  acre-foot  of  water  stored  is  $11.05. 

Anniud  cost  per  acre-foot  of  water  delivered. — Figuring  the  interest 
at  6  per  cent  of  the  cost  of  the  works  ($1,331,025),  the  taxes  at  eight- 
tenths  of  1  per  cent  of  the  cost,  and  maintenance  for  the  reservoir 
and  diversion  canal  at  $10,000  per  annnm,  we  have  an  annual  charge 
against  the  plant  of  $100,510.  We  have  found  that  the  evaporation 
would  amount  to  4.7  per  cent  of  the  entire  storage  capacity  of  the 
reservoir,  but  if  we  take  the  evaporation  and  seepage  at  20  per  cent, 
as  for  the  105-foot  dam,  it  would  leave  96,399  acre-feet  available  for 
delivery.  This  divided  into  the  annual  charge  of  $100,510  gives  an 
annual  cost  per  acre-foot  of  water  delivered  from  the  reservoir  of  $1.04. 

WATER  SUPPLY. 

Assuming  the  annual  rainfall  to  be  20  inches  over  the  33  square 
miles  of  drainage  area  of  Wahtoke  Creek,  and  the  run-off  to  be  12  per 
cent,  we  have  4,224  acre-feet.  The  storage  capacity  of  the  105-foot 
dam  is  217,196  acre-feet.  This,  less  the  4,224  acre-feet  from  rainfall 
in  the  local  drainage  basin,  gives  212,972  acre- feet  of  water  to  be 
brought  by  diversion  conduit  from  Kings  River.  In  order  to  deter- 
mine whether  a  canal  with  a  capacity  of  1,250  second-feet  would  fill 
the  reservoir,  the  following  assumptions  have  been  made : 

(1)  That  all  of  the  water  in  Kings  River  up  to  the  capacity  of  the 
canal  (1,250  second-feet)  can  be  diverted  during  the  months  of  Novem- 
ber, December,  January,  and  February. 

(2)  That  the  combined  capacity  of  the  canals  diverting  water  from 
the  river  during  the  remaining  months  is  4,000  second-feet,  and  the 
surplus  above  that  amount  is  available,  to  5,250  second-feet,  for 
storage. 

The  following  statement,  based  on  the  daily  discharge  of  tlie  river 
at  the  Red  Mountain  gaging  station  of  the  United  States  Geological 
Survey,  which  is  practically  at  the  proposed  point  of  diversion,  sliows 
the  amounts  of  water  which  could  have  been  diverted  with  a  dam  105 
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feet  high  and  a  canal  of  1,250  second- feet  capacity,  under  the  fore- 
goinjj^  conditions. 

AiHiilalile  unter  supply^  in  acre- fret,  of  Clarks  Valley  reser^yyir  stite  unth  lOS-foot  dam. 


Month. 


November . 
December.. 
January... 
February . 

March 

April 

May 

June 

July 

Total 


SeaHon 

Season  i 

1806-96. 

1806-97. 

1 

31,969 

20,067 

au,5oi 

47,742 

36.841 

47,38H 

67,855 

3,663  1 

808 

8,564 

44,368 

an.  393 

76,725 

7i,mi  1 

38,662 

38,7.W 

70 

Season 
1897-98. 


36.985 
45,438 
31,312 
39,1U5 


Season  ,    Season 
1898-99.    1809-1000.  > 


25,401 
12,474 


18,741 
18,020 
81,305 
36.575 

5.444 
30,497 

8.890 
47.144 


87,877 
48.2»7 
6B.4K> 
41,481 


46,1HR 
41,715 


274,405   317.018   190,668  I  201,505 


281.991 


■Tho  season  of  1900-01  wa.s  one  of  abundant  supply. 

Taking  the  season  of  least  available  flow  (1897-08)  we  have  11IO,0«>8 
acre-fe(»t.  If  we  add  to  this  the  amount  of  water  available  from  the 
local  drainage  l)asin  (4,224  acre-feet)  we  have  a  total  of  194,892.  This 
is  22,304  acre-feet,  or  9^  per  cent,  less  than  the  maximum  capacity  of  the 
reservoir  for  a  year  of  extreme  drought,  which  is  not  likely  to  o(*cur  but 
once  in  ten  years.  For  the  season  of  1898-99  the  amounts  would  be 
201,595  acre-feet  from  the  river  and  4,224  acre-feet  of  rainfall  stored, 
giving  a  total  of  205,819  acre-feet,  or  11,377  acre-feet  less  than  the 
maximum  storage  capacity.  That  year  also  was  one  of  drought.  For 
the  remaining  three  seasons  of  observation  the  flow  is  more  than  suf- 
ficient. The  rainfall  records  at  Fresno  indicate  the  hist  five  years  to 
have  been  the  driest  observed  since  1877,  and  it  is  l>elieved  that  they 
may  be  accepted  as  a  minimum. 

In  connection  with  the  foregoing  figures  there  is  an  important  point 
to  be  considered,  viz:  If  the  people  who  now  are  using  the  flow  of  the 
river  in  March  and  October  to  flood  their  lands  could  l>e  assured  of  a 
sufficient  quantity  of  water  later  in  the  season,  part  of  the  flow  of  the 
river  for  those  months  could  be  diverted  to  the  reservoir,  and  thus 
the  reservoir  be  filled  to  its  maximum  capacity  each  year.  The  follow- 
ing table  shows  the  quantities  of  water  that  could  have  been  diverted 
from  Kings  River  by  a  canal  of  maximum  capacity  of  525  second-feet 
and  an  85-foot  dam,  under  conditions  similar  to  those  prevailing  for 
the  105-foot  dam: 


Available  water  supply,  in  acre-feet,  of  Clarks  Valley  reserrmr  site  withSS-fottt  dam. 


November 
December 
January . . 
February . 
March 


April. 
May. 
June 
July. 


Month. 


Season 

1895-96. 


19,3»4 

20,067 

28.185 

30, 145 

2.079 

3,118 

18.711 

31,185 

12.43:* 

Season 
1896-97. 


28.408 
lH),  444 
26,5r>2 
29,108 
8(»t 
20.«38 
:ti.224 
10.t£{2 
79 


Total   165,316       184,886 


Season 
1897-98. 


28,086 

13,741 

32,224 

17,494 

30.(»» 

28.225 

28,819 

28,4o3 

2.rt7:J 

12,929 

lH,.'i?2 

6.(H9 

7,286 

* 

22.879 

138,757 


Season      Season 

i«m~m.  1899-iguo. 


28.S4(« 
aO,RJ9 
32.2J4 
29,l(fi 


:a).:i44 


139,38;{  I      103.  .V^ 
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Usiiij^  tlie  season  of  iiiiuiinum  observed  flow  (1S07-I»>^)  we  have 
1  lis, 757  acre-feet  available  flow  from  the  river,  which  with  the  4,224 
aci-e-feet  from  the  local  basin  j^ives  a  total  of  142,981  acre-feet,  or 
22,482  acre-feet  more  than  the  maximum  storage  capacity  of  the 
reservoir. 

If  the  Pine  Flat  and  the  Clarks  Valley  dams  are  both  built  the  fol- 
lowing tables  will  show  the  available  supply.  These  tables  (deter- 
mined by  planimeter  from  the  diagrams  of  stream  flow)  are  based  (1) 
upon  a  diversion  by  the  irrigation  canals  of  water  to  their  full  capacity, 
viz,  4,000  second-feet,  from  March  1  to  October  31,  and  (2)  upon  the 
fact  that  with  the  regulating  reservoir  at  Pine  Flat  the  Clarks  Valley* 
reservoir  could  have  been  completely  filled,  to  either  the  100-foot  or 
the  80-foot  level,  each  year. 

The  entire  capacity  of  the  Clarks  Valley  reservoir  less  the  supply  * 
from  the  local  drainage  basin  (4,224  acre-feet)  is  therefore  al^o 
deducted  from  the  seasonal  flow  of  the  river  each  year.  All  of  the 
w^ater  remaining  in  the  river  is  considered  available  for  storage  at 
Pine  Flat.  It  is  reasonably  certain  that  both  reservoira  would  have 
been  completely  filled  during  the  five-year  period  of  observation  by 
the  State  engineering  department,  i.  e.,  1878  to  1883.  It  must  l^ 
remembered  that  the  ten  years  for  which  we  have  records  were  below 
the  average  in  rainfall  and  run-off.  The  year  1807-1)8  may  be  taken 
as  the  minimum  of  a  ten-year  period  of  low  rainfall.  The  season  of 
11KK)-1901  is  now  (June  1, 1901)  far  enough  advanced  to  show  that  the 
supply  for  this  year  would  have  been  more  than  ample  to  fill  both 
reservoirs.  The  table  shows  that  with  the  larger  dam  at  Clarks  Val- 
ley (the  105-foot)  there  would  have  l)een  one  year  out  of  the  eleven 
that  the  Pine  Flat  reservoir  could  not  have  been  filled. 

Available  water  supply,  in  acre-feet,  for  140-foot  davi  at  Pine  Flat  reservoir  site 

with  105' foot  dam  at  Clarks  Valley  reservoir  site. 


lHg6-96  .. 

1896-97.. 
1897-98  -- 
1888-99  .. 
1899-1900 


Season  Nov.  1  to  Oct.  31. 


Total  difl- 

charf^e  of 

river. 


l,a^,425 
2,088,924 
876,079 
1,SK7,217 
1,281,051 


Five-year  mean 1, 465, 139 


Clarka 
Valley  di- 
version. 

Irrifiration 

diversion 

Mar.  1  to 

Oct.  31. 

Availablo 
for  Pine 
Flat  reser- 
voir (ca- 
pacity, 
78,197  acre- 
feetK 

212,972 
212. 972 
212, 972 
212.973 
212,972 

936,749 
1.029,845 
fi50,;]n2 
m\  959 
817.  ©U 

708,704 
846,107 
6.8(J5 
130,286 
250,448 

212,972 

866.897 

385,470 

The  foregoing  table  shows  the  possibility  of  having  use<l  70  per 
cent  of  the  average  flow  of  Kings  River  during  the  last  fiw}  years. 
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Available  tvater  supply ,  in  acre-feet^  for  140-foot  dam  at  Pine  Flat  reservoir  site 

with  86' foot  dam  at  Clarks  Valley  reservoir  site. 


Season  Nov.  1  to  Oct.  31. 


Total  dis- 

chargre  of 

river. 


1885-96 1,852,425 

laOWW 8,088,824 

1887-98 876,078 

1898-89 1.227,217 

1888-1800 1,281,051 


Five-year  mean... 1,466,138 


« 

ClarkB 
Valley  di- 
version. 

Irrigation 

diverelon 

Mar.  1  to 

Oct.  81. 

116,275 
116,275 
116.275 
116,275 
116,276 

836,749 
1,(£S0,845 
666,302 
898,968 
817,631 

116,275 

866,897 

Available 
for  Pine 
Flat  reser- 
voir (ca- 
pacity, 
78,197  acK- 
feet). 

800.401 
942,804 
103,508 
216,983 
347,143 

488,167 


The  foregoing  table  shows  that  both  reservoirs  could  have  been 
filled  every  year  duriug  the  period  given. 

Normally  the  reservoir  at  Clarks  Valley,  as  previously  stated,  would 
be  full  at  the  end  of  June  and  empty  at  the  end  of  September.  The 
period  during  which  evaporation  will  have  to  be  considered  is  the 
months  of  July,  August,  and  September.  The  evaporation  obser- 
vations given  herein  show  that  the  mean  evaporation  during  those 
months  is  1.89  feet  each  year.  The  total  storage  capacity  of  the  res- 
ervoir at  the  100-foot  level  is  217,19(>  acre- feet ;  the  area  at  the  100-foot 
level  is  5,344  acres  and  at  the  80-foot  level  4,325  acres.  For  the  pur- 
pose of  this  estimate  the  average  area  for  the  larger  reservoir  exposed 
to  evaporation  may  be  considered  as  4,000  acres,  losing  in  depth  1.89 
feet  each  year,  or  7,560  acre- feet,  which  is  3^  per  cent  of  the  total 
storage  capacity  of  the  reservoir.  With  the  smaller  dam  the  evapo- 
ration would  amount  to  4.7  per  cent,  or  5,070  acre-feet. 


SPILLWAY. 

The  Clarks  Valley  reservoir  will  be  almost  entirely  free  from 
attacks  of  floods,  as  the  local  drainage  basin  contains  only  33  square 
miles,  and  its  annual  discharge  will  probably  be  equal  to  a  depth  of 
about  1  foot  in  the  reservoir  at  the  100-foot  level.  The  diversion 
canal,  having  a  capacity  of  1,250  second-feet,  or  2,500  acre-feet,  per 
day,  would  require  two  days'  flow  to  raise  the  water  in  the  reservoir 
1  foot  in  height  when  it  stands  at  the  100- foot  level.  The  capacity  of 
the  outlet  from  the  reservoir  will  be  1,280  cubic  feet  per  second 
(greater  than  that  of  the  intake),  with  10  feet  head  on  the  valves. 
This  will  be  in  addition  to  the  capacity  of  the  spillway. 

The-months  during  which  the  maximum  amount  of  water  is  availa- 
ble for  storage  from  Kings  River  are  May  and  June.  This  is  after 
the  expiration  of  the  rainy  season,  and  it  will  be  the  discharge  of  the 
diversion  canal  during  these  two  months  that  will  finally  fill  the  res- 
ervoir eiich  year.     Since  1877  the  greatest  rainfall  that  has  occurred 
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in  May  was  1.97  inches,  in  1900.  On  this  basis  the  water  that  fell 
in  the  local  drainage  basin  of  Wahtoke  Creek  would  amount  to  3,380 
acre-feet.  The  area  of  the  reservoir  at  the  100- foot  level  is  6,344 
acres. 

Since  1877  there  have  been  only  three  occasions  when  rain  has  fallen 
at  Fresno  during  the  month  of  June,  the  greatest  precipitation  for 
that  month  being  1.29  inches,  in  1884.  It  is  therefore  reasonable  to 
assume  that  during  the  time  the  reservoir  is  full  the  local  drainage 
basin  can  never  deliver  a  volume  of  water  suf&cient  to  raise  the  level 
of  a  full  reservoir  more  than  1  foot,  even  if  the  discharge  gate  and 
the  spillway  are  both  closed.  It  is  proposed  to  make  the  elevation  of 
the  spillway  7  feet  below  the  top  of  the  dam  and  to  maintain  the 
water  in  the  reservoir  at  that  height  during  the  entire  rainy  season. 
After  the  expiration  of  the  rainy  season — say  the  first  of  June— it 
Vould  be  safe  to  place  fiashboards  in  the  spillway,  so  as  to  store  2  feet 
more  of  wat^r.  This  would  bring  the  water  to  the  maximum  depth 
of  100  feet,  would  add  about  10,000  acre-feet  to  the  storage  capacity, 
and  would  still  leave  the  top  of  the  reservoir  5  feet  above  the 
level  of  the  water.  If  it  should  be  considered  desirable  to  increase 
the  interval  between  the  water  level  and  the  top  of  the  dam  it  could 
most  economically  be  done  by  increasing  the  height  of  the  dam  2  or  3 
feet  on  slopes  of  1^  to  1  on  each  side.  It  will  be  remembered  that 
there  probably  would  not  be  more  than  two  weeks  intervening  between 
the  complete  filling  of  the  reservoir  and  the  beginning  of  the  discharge 
from  it. 

A  longitudinal  section  of  the  spillway  proposed  is  shown  in  PL 

xiv,z). 

RESBBVOIR  SURVEYS. 

On  June  19  the  party  reported  at  Sanger,  Fresno  County,  on  the 
Southern  Pacific  Railroad,  where  camp  equipment  was  received.  A 
pack  train  of  5  mules  and  4  saddle  horses  was  purchased  in  the  neigh- 
borhood, at  an  average  cost  of  $40  per  animal.  The  party,  which  was 
in  charge  of  Mr.  II.  E.  Green,  consisted  of  a  topographer,  two  rodmen, 
a  packer,  and  a  cook.  After  July  12  one  rodman  was  dispensed  with, 
reducing  the  party  to  four. 

On  June  22  the  party  left  Sanger,  at  an  elevation  of  370  feet,  and 
started  for  Millwood.  Following  the  county  road  and  crossing  to  the 
south  of  Kings  River  near  Centerville,  the  foothills  were  reached 
about  16  miles  from  Sanger,  the  road  traversing  the  lower  Clarks  Val- 
ley reservoir  site.  From  Clarks  Valley  to  Millwood  the  road  ascends 
4,710  feet  in  a  distance  of  30  miles,  the  elevation  of  Millwood  being 
5,210  feet,  aneroid  measurement.  From  Millwood  the  party  went 
into  camp  at  Long  Meadow,  where  the  first  survey  work  was  done  on 
the  Long  Meadow  reservoir  site. 
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LONG  MEADOW. 

Long  Meadow  can  be  n^ached  in  11  miles  from  Millwood  by  taking 
the  Sanger  Lumbi*r  Company's  wagon  road  totheir  sawmill,  a  distance 
of  0  miles,  and  then  following  the  trail  for  5  miles,  crossing  the  divide 
at  an  <*levation  ( ^  0,770  feet;  or  it  can  be  reached  without  surmount- 
ing such  an  elevation  by  keeping  the  wagon  road  via  the  sawmill  to 
Converse  Meadow,  12  miles  distant  and  at  an  elevation  of  5,900  feet, 
and  following  the  trail  for  2  miles  across  the  low  divide  separating 
Converse  Meadow  from  Long  Meadow. 

Long  Meadow,  which  is  at  an  elevation  of  5,200  feet,  is  on  Tenmile 
Creek,  about  4  miles  above  its  junction  with  Kings  River,  which  junc- 
tion is  less  than  a  quarter  of  a  mile  west  of  the  junction  of  the  Middle 
and  South  forks  of  the  river.  The  reservoir  and  dam  sites  are  in  sees. 
14, 15,  22,  and  23,  T.  13  S.,  R.  28  E.,  Mount  Diablo  base  and  meridian. 
The  land  is  owned  by  the  Sanger  Lumber  Company'  and  is  well  tim- 
bei*ed  with  pine*.  The  dam  site  is  in  the  northeast  quarter  of  sec.  14, 
T.  13  S.,  R.  28  E.  The  average  elevation  of  the  watershed  of  the 
meadow  or  valley  is  7,000  feet  above  sea  level,  and  the  supply  of 
water  will  Im3  largely  from  melting  snow  in  the  spring.  Contour  maps 
of  the  reservoir  and  dam  sites  are  shown  in  PI.  XVL 

The  drainage  area  tributary  to  Long  Meadow  is  estimated  at  25 
scjuare  miles.  The  estimated  mean  rainfall  is  45.3  inches,  making  the 
run-off  per  scpiare  mile  IKK)  acre-feet,  or  900x25=22,500  acre-feet  per 
year.  If  we  assume  a  rainfall  of  40  inches  and  a  run-oflf  of  50  per 
cent  th(^  average  yield  would  be  20,500  acre-feet  per  year;  or  if  we 
assume  2  second-feet  run-off  per  square  mile  we. have  50  second-feet, 
or  100  acre-feet,  per  day,  which  is  equal  to  36,5CK)  acre-feet  per  j'ear. 
The  capacity  of  the  reservoir  with  a  dam  170  feet  high  is  25,334  acre- 

« 

feet. 

Owing  to  the  heavy  grade  to  be  surmounted  in  hauling  mat-erial 
from  the  Southern  Pacific  Railroad  at  Sanger  via  Millwood,  which  is 
the  shortest  approach,  a  loose  rock-fill  dam  with  plank  face  is  con- 
sidered the  most  (economical.  Freight  from  Sanger  to  Millwood  (45 
miles)  costs  *0  per  ton  of  2,(K)0  pounds,  or  45  cent«  per  hundred  pounds. 
From  Millwood  freight  would  go,  by  the  mill  road  alreadj^  mentioned, 
12  miles  to  Converse  Meadow,  elevation  5,900  feet.  From  there  a 
road  would  have  to  be  graded  over  the  low  divide  separating  Con- 
verse Meadow  from  Long  Meadow.  This  can  be  done,  with  easy  gradi- 
ents, at  an  estimated  length  of  4  miles.  The  proposed  method  of 
building  the  dam  is  by  the  use  of  two  Lidgerwood  cables,  one  on  the 
axis  of  the  dam,  with  traveling  towera,  and  the  other  crossing  the 
<lam,  working  two  quarries,  one  above  and  one  below  the  dam  site. 

The  l)(^d  rock  at  the  proposed  dam  site  is  granite,  solid  and  bare  in 
the  creek  bed  l)ut  seamy  on  the  north  side  of  the  canyon.     It  is  in 
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strata  from  5  to  10  feet  thick,  with  a  dip  to  the  south  of  about  30 
degrees.  The  south  side  of  the  canyon  will  require  stripping,  prob- 
ably 8  or  10  feet.  It  was  impossible  to  carry  tools  to  determine  the 
depth  to  bed  rock,  and  the  estimate  of  the  amount  of  stripping  re- 
quired is  obtained  from  surface  indications.  A  view  of  the  dam  site 
on  the  north  side  of  the  creek  is  shown  in  PI.  XVII,  A. 

Data  regarding  Long  Meadow  dam. 

Elevation  at  base  of  dam feet..    5,180 

Elleyatlon  of  floor  of  wasteway do...    5,290 

Elevation  of  crest  of  dam do...    5,300 

Elevation  of  outlet do...    5,160 

Height  of  dam do...       170 

Drainage  area sqnare  miles. .         25 

Kmi-off,  astimated , acre-feet..  22,500 

Capacity  of  reservoir  below  wasteway do. ..  25, 384 

Capacity  of  reservoir  at  crest  level do...  30,033 

Following  is  the  preliminary  estimate  of  cost: 

Estimate  of  cost  of  loose  rochJUl  dam  at  Long  Meadow, 

Loose  rock,  678,000  cnbic  yards  at  $0.75 $504,750 

Plank  face,  t  rea  144,800  square  feet: 

Two  layers  of  3-inch  plank  on  lower  half  of  face,  324,000  feet,  B.  M., 

at  $30 9,720 

Two  layers  of  2-inch  plank  on  npper  half  of  face,  360,000  feet,  B.  M., 

at  $30 10,800 

Sills,  12  inches  by  12  inches,  spaced  4  feet  between  centers,  equal  to  a 
layer  of  3-inch  timber  over  entire  surface,  432,000  feet,  B.  M.,  at  $30  . .      12, 960 

Labor  on  plank  face 6,000 

Wasteway,  50-foot  bottom  width,  slox>eB  i  to  1,  6  feet  depth  of  water, 
capacity  2,400  second-feet,  length  400  feet,  lined  with  cement: 

Excavation,  15,000  cubic  yards  of  rock  at  $1 15,000 

Cement  lining,  3,000  sqoare  yards  (200  barrels  of  cement  at  $8, 

$1,600;  labor,  3,000  square  yards  at  $0.10,  $300) 1,900 

Outlet  tunnel  In  solid  rock,  cement  lined,  4  feet  by  6  feet,  arched  top  and 

bottom,  500  lineal  feet  at  $10 5,000 

Tower,  including  house  and  bridge,  valves,  gates,  etc 8, 000 

Machinery  and  cable  (75-horsepower  engine,  2i-inch  cable,  two  traveling 

towers  to  handle  10  tons) 26,000 

Road  from  Converse  Meadow  to  Long  Meadow  (4  miles)  and  to  cable 

towers  and  around  works  (2  miles) ,  6  miles  at  $3,000 18, 000 

Clearing  reservoir,  500  acres  at  $5 2, 500 

620,630 
Engineering  and  contingencies,  15  per  cent 93, 085 

Total 718,716 

The  cost  per  acre-foot  of  water  stored  is  128.     Plan,  elevation,  and 
maximum  cross  section  of  the  proposed  dam  are  shown  in  PI.  XVIII. 
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The  cost  of  H  conereto  dam  at  this  site  would  bo  much  j^reator  tliaii 
that  of  a  roek-fill  dam.     The  estimate  is  as  follows: 

EHtimate  of  cost  of  concrete  dam  at  Long  Meadow, 

nijOOOcnbicyardsofmasonry  at  $10 $1,710,000 

Wasteway,  50  feet  by  10  feet 16,900 

Outlet  tunnel,  4  feet  by  6  feet.. 5,00o 

Tower,etc 8,000 

Machinery  and  cable _ 26, 000 

Roads 18,000 

Clearing  reservoir .  3,500 

1 ,  786. 400 
Engineering  and  contingencies 100,000 


\ 

I 

i 


Total 1,886,400 

With  a  concrete  dam  the  cost  per  acr0-foot  of  water  stored  is  $74, 
against  $28  with  a  loose  rock-fill  dam. 

BAST  LAKE. 

From  Long  Meadow  the  party  moved  to- East  Lake,  where  the  next 
survey  work  was  done  in  July.  This  lake  is  about  2  miles  up  the 
South  Fork  of  Bubbs  Creek,  which  is  about  5  miles  above  the  junc- 
tion of  Bubbs  Creek  with  the  South  Fork  of  Kings  River.  The  best 
way  to  reach  the  lake  is  by  way  of  Millwood  and  Long  Meadow,  though 
it  can  be  reached  by  a  shorter  route  by  packing  from  Independence, 
Inyo  County,  by  way  of  Kearsarge  Pass. 

Starting  with  Long  Meadow  as  a  base  (elevation  6,200  feet)  the 
trail  goes  first  to  Bearskin  Meadowy  5  miles  distant  and  at  an  eleva- 
tion of  6,000  feet;  then  to  Horse  Corral  Meadow,  20  miles  distant  and 
at. an  elevation  of  7,820  feet;  then  to  Summit  Meadow  (overlooking 
Kings  River  Canyon),  23  miles  distant  and  at  an  elevation  of  8,150 
feet;  then  to  Kings  River  Canyon,  28  miles  distant  and  at  an  eleva- 
tion of  5,000  feet,  a  descent  of  more  than  3,000  feet  in  5  miles.  About 
a  mile  upstream  from  the  foot  of  this  trail  and  approximately  12  miles 
above  the  junction  with  the  Middle  Fork  of  Kings  River,  is  the  log 
building  known  as  the  hotel  and  a  sheep  bridge  across  Kings  River. 
The  trail  then  leads  up  the  South  Fork  of  Kings  River  to  Bubbs  Creek, 
37  milesdistant  and  at  an  elevation  of  5,370  feet,  where  the  river  makes 
a  shai^p  bend  to  the  north;  then  up  Bubbs  Creek  to  its  south  fork,  41» 
miles  distant  and  at  an  elevation  of  8,120  feet;  up  the  South  Fork  of 
Bubbs  Creek  to  East  Lake,  52  miles  from  Long  Meadow  and  63  miles 
from  Millwood,  at  an  elevation  of  9,350  feet.  From  where  the  trail 
enters  Bubbs  Creek  it  is  very  steep  and  rocky,  aiTd  the  3  miles  of  it 
along  the  south  fork  of  that  creek  would  require  a  great  deal  of  work 
to  make  it  passable  as  a  freight  trail. 

At  East  Lak(i  the  country  in  all  directions  is  rugged  and  bare  (see 
PI.  XVII,  JJ)f  being  near  the  limit  of  the  timbt^r  line.     Only  a  thiu 
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scattering  of  tamaracks  is  to  be  seen.  At  the  time  of  the  survey 
(July)  considerable  snow  was  still  lying  on  the  northern  slopes  and 
WHS  feeding  the  South  Fork  of  Bubbs  Creek  and  its  numerous  lakes, 
which  make  this  locality  very  picturesque. 

About  2^  miles  above  East  Lake  is  Reflection  Lake  (see  PI.  XXI,  A)^ 
which  has  a  water  surface  of  about  30  acres.  It  is  a  deep  body  of 
water  l)etween  high,  precipitous  walls,  and  is  at  an  elevation  of  10,000 
feet.  Above  Reflection  Lake,  at  an  elevation  of  11,000  feet,  are  numer- 
ous small  lakes  of  from  1  to  3  acres  area,  all  perfectly  calm,  and 
reflecting  the  surroundings  as  in  mirrors.  Monuments  were  found  at 
£ast  Lake  which  showed  that  the  California  State  engineering  depart- 
ment had  made  a  survey  there.  A  topographic  survey  was  made, 
under  the  direction  of  Mr.  Green,  with  the  following  results: 

East  Lake  is  formed  by  an  immense  slide  or  moraine  from  Ouzel 
Creek  Canyon  on  the  west,  which  has  dammed  the  South  Fork  of 
Bubbs  Creek  at  that  point.  The  creek  formed  a  lake  behind  this 
moraine  until  it  overflowed  and  washed  out  the  channel  where  the 
dam  would  be  loc^ited,  but  the  bed  of  the  channel  is  probably  50  or 
60  feet  above  the  old  channel  bottom,  and  the  mass  beneath  and  to 
the  west  is  formed  of  huge  blocks  of  granite  embedded  in  granite 
debris.  That  it  is  not  water-tight  is  proved  by  the  fact  that  several 
small  streams,  caused  by  melting  snow  on  the  solid  rock  cliffs  above 
the  moraine,  disappear  at  the  contact  of  the  moraine  and  appear  as 
springs  on  the  slope  immediately  above  the  lake. 

There  was  a  stream  of  water,  estimated  at  10  second-feet,  flowing 
out  of  East  Lake  at  the  end  of  July,  1000.  A  weir  dam  which  would 
raise  the  water  70  feet  al)ove  the  lake  level  would  bring  enough  pres- 
sure to  bear  on  the  moraine  to  cause  considerable  leakage,  but  it 
could  not  wash  out,  there  being  too  much  rock  in  it,  and  there  is  the 
possibility  that  it  might  silt  tight. 

The  area  of  the  watershed  tributary  to  East  Lake  is  estimated  at 
12  square  miles;  the  average  elevation  is  11,000  feet.  The  capacity 
of  a  reservoir  raised  70  feet  above  the  lake  level,  which  was  9,350  feet 
at  the  time  of  the  survey  in  July,  would  l>e  4,154  acre-feet.  The  lake 
itself  could  be  utilized  to  some  extent  by  deepening  its  mouth  so  as 
to  permit  of  an  outlet  tunnel  or  pipe  being  placed  low  enough  to  draw 
off  30  or  40  feet  of  the  water.  This  would  add  perhaps  400  acre-feet 
to  the  capacity  of  the  reservoir.  In  like  manner  Reflection  Lake 
could  be  utilized,  and  would  yield  probably  700  acre-feet  additional, 
making  a  total  of  5,250  acre-feet.  No  estimate  has  been  made  of 
the  cost  of  a  dam,  because  of  the  remoteness  and  inaccessibility  of  the 
locality,  the  cost  of  transporting  material  rendering  such  a  project 
expensive  to  a  degree  out  of  all  proportion  to  the  limited  capacity  of 
the  i-eservoir.  There  is  no  timber  available  with  which  to  face  the 
dam,  and  cement  would  cost  from  $15  to  f?-0  a  barrel  delivered.  A 
contour  map  of  the  East  Lake  reservoir  site  is  shown  in  PI.  XIX. 
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While  the  camp  was  at  East  Lake  a  visit  was  made  to  Bull  Frog 
Lake,  on  the  north  side  of  Bubbs  Creek,  about  4  miles  east  of  the  south 
fork  of  that  creek  and  close  to  the  summit  of  Kearsarge  Pass.  On 
examination  no  dam  site  was  found  and  the  area  of  the  lake  was 
ascertained  to  be  so  small  as  not  to  warrant  any  topographic  work. 
The  elevation  of  the  lake  is  10,600  feet;  the  elevation  of  Kearsarge 
Pass,  3  miles  east  of  the  lake,  is  12,000  feet.  The  drainage  area  of 
the  lake  is  about  5  square  miles. 

GRANITE  BASIN. 

Granite  Basin  was  the  next  place  examined.  It  is  on  Granite  Creek, 
at  the  summit  of  the  divide  between  Kings  River  Canyon  on  the  South 
Fork  and  the  Middle  Fork  of  Kings  River.  It  is  reached  by  trail  from 
Kings  River  Canyon.  Starting  at  Kanawyer's  cabin,  elevation  5,200 
feet,  the  trail  ascendg  the  steep  spur  on  the  west  side  of  Copper 
Creek,  follows  Copper  Creek  for  about  7  miles,  and  crosses  the  divide 
at  an  elevation  of  10,300  feet  into  Granite  Creek  on  the  west,  10  miles 
from  Kings  River  Canyon  and  at  an  elevation  of  10,000  feet.  A  con- 
tour  map  of  the  reservoir  site  is  shown  in  PI.  XX  and  a  view  of  the 
site  in  PI.  XXI,  B. 

There  are  two  outlets,  divided  by  a  butte.  The  outlet  to  the  north- 
west would  require  a  dam  750  feet  long  at  the  crest  and  140  feet  high ; 
the  outlet  to  the  southeast  of  the  butte  would  require  a  dam  900  feet 
long  on  the  crest  and  130  feet  high  to  raise  water  to  the  plane  of  the 
10,000-foot  contour.  A  view  of  one  of  the  outlets  is  shown  in  PI. 
XXII,  A.  The  area  within  the  10, 000- foot  contour  is  144  acres  and 
the  capacity  of  the  reservoir  10,350  acre- feet. 

The  drainage  area  tributary  to  Granite  Basin  does  not  exceed  6 
square  miles  and  averages  10,800  feet  in  elevation.  There  is  a  sparse 
growth  of  tamarack  scattered  over  the  basin,  the  whole  of  which, 
however,  is  practically  bare  and  barren.  The  bed  rock  is  granit<e. 
The  capacity  of  the  reservoir  compared  with  the  cost  of  the  two  large 
dams  necessary  to  create  it  and  the  difficulty  of  ^iccess  render  the 
project  impracticable. 

ELECTRIC-POWER  DEVELOPMENT. 

In  a  study  of  the  various  irrigation  possibilities  of  Kings  River  it 
was  deemed  advisable  to  investigate  the  water  power  obtainable  for 
the  puri)ose  of  generating  electric  energy  for  transmission  to  local 
pumping  plants  in  the  valley.  This  requires  an  investigation  of  three 
distinct  phases  of  the  problem:  (1)  The  available  power;  (2)  the 
available  ground-water  supply  for  pumping  at  or  near  the  irrigated 
lands;  and  (3)  the  generation  and  transmission  of  electric  power  and 
the  installation  of  pumping  plants.  The  subject  will  be  treated  in 
that  order.  Mr.  H.  E.  Green  was  detailed  to  investigate  the  water 
power,  Mr.  Louis  Mesmer  the  water  supply  for  pumping,  and  Mr. 
Lewis  A.  Hicks  the  power  transmission  and  pumping  plants. 
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POWER  POSSIBILITIES. 

From  Granite  Basin  the  trail  passes  over  a  nnde  and  rugged  gran- 
ite country  until  it  drojw  suddenly  into  the  beautiful  Middle  Fork 
Canyon  (see  PI.  XXII,  B)y  at  Simpson  Meadows,  10  miles  from  Granite 
Basin  and  at  an  elevation  of  6,000  feet.  Tehipiti  Valley  is  about  15 
miles  down  the  canyon  from  Simpson  Meadows,  but  the  canyon  is 
practically  impassable,  so  the  party  went  by  way  of  Collins  Meadow. 

Leaving  the  Middle  Fork,  elevation  6,000  feet,  the  trail  ascends  the 
West  Branch  of  Goddard  Creek  and  in  a  distance  of  4  miles  climbs 
nearly  5,000  feet  up  a  hard,  rocky  mountain,  with  only  one  bench  on 
which  to  rest  animals  and  adjust  packs.  From  the  top  of  the  ridge, 
elevation  10,600  feet,  a  magnificent  view  is  obtained  of  the  country  to 
the  south  and  east  across  the  South  Fork  of  Kings  River  and  Bubbs 
Creek  to  the  watershed  between  Kings  and  Kern  rivers.  The  trail 
then  follows  easy  country  to  Collins  Meadow,  30  miles  from  Simp- 
son Meadows,  elevation  7,600  feet.  Coming  from  Fresno  by  way  of 
Ockenden  this  point  is  the  natural  entrance  to  Tehipiti  Valley.  From 
Ockenden  there  is  a  wagon  road  for  15  miles,  to  Russel's  camp,  south- 
east of  that  place.  From  Russel's  camp  the  trail  follows  undulating 
and  pine-covered  country  presenting  easy  grades  for  a  continuation 
of  the  wagon  road  toward  the  North  Fork  of  Kings  River.  The 
trail  reaches  the  North  Fork  at  Cliff  camp,  about  15  miles  from  Rus- 
sel's camp  and  about  3  miles  below  the  Dusy  Meadows  dam  site.  The 
trail  to  Dusy  Meadows  branches  off  about  3  miles  before  reaching 
the  North  Fork. 

There  is  a  good  bridge  site  at  the  North  Fork  crossing,  where  the 
stream  is  confined  between  perpendicular  walls  of  granite  about  70 
feet  apart.  (See  PI.  X.)  From  the  North  Fork  crossing  the  trail 
continues  over  rolling  ground  covered  with  pine  and  traverses  many 
open  glades  which  have  good  feed  in  the  spring  of  the  year.  Collins 
Meadow  is  reached  at  a  distance  of  10  miles  from  the  North  Fork. 
From  that  meadow  the  trail  to  Tehipiti  Valley  turns  south  and  fol- 
lows easily  along  a  sloping  bench  between  the  saw-tooth  Tombstone 
Ridge  on  the  west  and  Crown  Creek,  to  the  head  of  the  steep  descent 
(2,500  feet  in  3  miles)  to  Tehipiti  Basin.  The  elevation  at  the  top 
of  this  steep  trail  is  6,500  feet  and  at  the  bottom  3,950  feet.  At  the 
junction  of  Crown  Creek  with  the  Middle  Fork,  in  Tehipiti  Valley, 
and  dividing  the  two  creeks,  rises  sheer  from  the  bottom  of  the  basin, 
3,350  feet  in  elevation,  the  remarkable  Tehipiti  Dome. 

A  survey  of  the  basin  was  made  with  enough  detail  to  give  roughly 
the  capacity  of  a  reservoir  with  a  dam  150  feet  high.  The  area  of  the 
reservoir  would  be  218  acres  and  the  capacity  10,000  acre-feet.  The 
dam  would  be  1,000  feet  long  on  its  crest.  On  the  west  side  the 
material  is  all  loose,  being  a  talus  from  a  high  cliff.  On  the  east  side 
some  bed  rock  is  visible  where  a  spring  torrent  has  washed  out  a 
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channel,  but  there  is  no  really  good  dam  site.  On  August  26  the  river 
was  measured  at  a  favorable  place  in  the  valley  and  153  second-feet 
were  recorded. 

Having  connected  the  survey  with  Tehipiti  Dome  a  traverse  line 
was  run  down  the  Middle  Fork  Canyon  toward  the  South  Fork  junc- 
tion^  to  ascertain  the  fall  that  would  be  available  for  power  develop- 
ment. (See  profile  of  river,  PI.  XXIII.)  The  canyon  is  a  difficult 
one  to  traverse,  and  without  a  very  expensive  trail  the  traverse  would 
have  been  impossible  had  the  water  in  the  river  not  been  low  enough 
to  permit  the  continual  crossing  and  recrossing  of  the  stream.  Five 
miles  of  the  canyon  were  traversed  from  the  camp  at  Tehipiti,  and 
this  being  the  limit  of  walking  distance  for  a  day's  work,  and  the 
junction  not  being  in  sight,  the  camp  was  moved,  by  way  of  the  North 
Fork  and  the  main  river,  to  the  junction.  A  typical  view  of  the  can- 
yon of  Kings  River  near  the  junction  of  the  South  and  Middle  forks 
is  shown  in  PI.  XXIV,  B.  PI.  XXIV,  J.,  is  a  view  looking  up  the  Mid- 
dle Fork,  and  shows  in  the  foreground  its  junction  with  the  South 
Fork. 

Leaving  Tehipiti  the  trail  by  way  of  Collins  Meadow  (elevation 
7,600  feet)  and  Garlic  Meadows  (elevation  8,000  feet)  was  taken  to 
the  mouth  of  the  North  Fork  of  Kings  River  (elevation  800  feet),  a 
distance  from  Tehipiti  of  35  miles.  By  this  time  the  pack  animals 
were  in  very  poor  condition  from  scarcity  of  feed,  owing  to  the 
repeated  dry  seasons,  and  forage  had  to  be  carried  up  Kings  River 
during  all  subsequent  work.  On  September  13  the  party  started  a 
traverse  up  Kings  River  from  the  mouth  of  Mill  Flat  Greek,  where 
the  Sanger  Lumber  Companj^'s  flume  enters  the  canyon  (elevation  880 
feet),  to  the  junction  of  the  Middle  and  South  forks,  a  distance  of  14 
miles  by  traverse  line  and  estimated  to  be  30  miles  by  trail.  The  ele- 
vation at  the  junction  was  found  to  be  1,950  feet.  The  junction  of 
the  Middle  and  South  forks  was  reached  October  8,  after  an  arduous 
trip,  for  a  great  deal  of  brush-cutting  and  considerable  pick  and 
shovel  work  had  to  be  done  to  get  the  animals  safely  over  bad  places. 

The  Middle  Fork  work  was  continued  from  5  miles  below  Tehipiti  and 
was  joined  to  the  main  river  survey.  A  traverse  line  was  then  started 
with  a  view  to  ascertaining  the  distance  and  grade  of  the  South  Fork 
Canyon  up  to  the  ** hotel."  This  survey,  however,  was  prevented  by 
an  impassable  canyon  2i  miles  above  the  junction,  and  it  being  near 
the  end  of  October  further  exploration  work  was  postponed.  On 
Octol^er  20  the  river  was  measured  below  the  junction  of  the  Middle 
and  South  forks  and  a  flow  of  346  second-feet  was  recorded.  The 
traverse  of  the  main  river  developed  the  fact  that  from  the  junc- 
tion of  the  Middle  and  South  forks  the  grade  for  14  miles  down  the 
river,  or  to  the  mouth  of  Mill  Flat  Creek,  averages  76.4  feet  to  the 
mile.  For  3  miles  below  the  junction  the  grade  is  only  72  feet  to  the 
mile.     It  then  increases  to  a  maximum  of  103  feet  per  mile,  gradually 
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lessening,  until  above  Mill  Flat  Creek  for  3  miles  it  averages  54  feet 
per  mile. 

The  survey  of  the  South  Fork  was  not  finished,  but  the  work  that 
was  done  warrants  the  belief  that  as  good  a  power  plant  can  be  devel- 
oped there  as  on  the  Middle  Fork.  For  this  reason  the  site  for  the 
power  house  was  chosen  on  the  peninsula  between  the  Middle  and 
South  forks  (see  PI.  XXV),  so  that  either  or  both  could  be  used.  A 
conduit  from  the  South  Fork  brought  down  the  North  Fork  side  of 
the  canyon  could  be  taken  to  the  same  penstock,  if  necessary,  as  the 
Middle  Fork  conduit.  In  any  event  the  site  proposed  for  the  power 
house  is  in  the  most  advantageous  position  to  utilize  water  power 
from  both  forks.  A. preliminary  estimate  was  made  of  the  cost  of  a 
conduit  to  carry  sufficient  water  out  of  the  Middle  Fork  to  generate 
6,500  horsepower  at  the  junction  of  the  Middle  and  South  forks.  The 
estimate  embraces  the  necessary'  works  from  the  intake  to  the  pen- 
stock. The  location  on  the  Middle  Fork  was  selected  because  of  the 
heavy  fall  of  the  stream  at  that  pointy  The  works  would  be  in  the 
canyon  of  the  Middle  Fork  and  would  be  reached  by  way  of  Millwood 
and  the  Sanger  Lumber  Company's  road,  already  described,  which 
runs  to  within  6  miles  of  the  junction  of  the  Middle  and  South  forks. 
The  descent  in  those  6  miles  is  about  3,000  feet,  and  will  require  a  10- 
per  cent  graded  road.  To  reach  the  site  of  the  proposed  power  house 
a  bridge  will  be  necessaiy  across  the  South  Fork  and  6  miles  of 
trails  will  be  needed  up  the  canyon  of  the  Middle  Fork  and  around 
the  works.  The  intake  or  headworks  would  be  between  3  miles  and^ 
3^  miles  up  the  Middle  Fork,  whence  the  water  will  be  conveyed  in 
a  series  of  short  tunnels  with  a  maximum  single  length  of  1,500  feet. 
The  tunnels  will  be  in  granite,  unlined,  and  6  feet  by  6  feet  in  the 
clear.  Adits  in  canyons  will  be  arched  over,  allowing  storm  water  a 
clear  way.  This  form  of  construction  is  not  only  of  a  permanent 
nature,  but  it  requires  the  minimum  hauling  of  material  and  supplies 
into  the  canyon. 
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Following  is  the  estimate  of  cost: 

Co8t  of  conduit  out  of  Middle  Fork, 

Road  into  canyon,  6  miles  at  18,500 |61, 

Bridge  across  Sonth  Fork _ 2,i 

Trails  in  canyon  of  Middle  Fork,  6  miles  at  $500 3,< 

Timnels  (Burleigh  drill  work),  14,000  feet  at  $13 168, 

Headworks,  including  masonry  diverting  dam,  shaft  for  inlet,  tower, 

entrance  gate,  screen,  etc 5,i 

Adits  to  tunnels,  14  at  $500 7, 


286, 
Engineering  and  contingencies,  15  per  cent 35,4^ 


Total 371, 

The  elev/ition  of  the  intake  would  be  2,700  feet,  the  elevation  ol 


the  penstock  2,660  feet,  and  the  elevation  of  the  power  house  1,984| 
feet.  The  available  head  is  6.50  feet.  The  estimated  mean  minimuii| 
horsepower  equals 

h         B  -f        lbs. 

650 X 100X62. 5   ^,650x100       _  „a«  

550 ^  °'  — 8X-   '  =  ^^^- 

With  150  second-feet  passing  through  the  tunnel  the  horsepower  i^iji 
equals 

650x150 


8.8 


=  11,000. 


With  180  second-feet   passing  through  the  tunnel  the  horsepower 

equals 

650X180^^3300 

o.o 

During  the  late  summer,  when  Kings  River  is  at  its  minimum  stage, 
practically  all  of  its  water  is  coming  from  the  higher  mountains 
drained  by  the  Middle  and  South  forks.  In  dry  years  the  North 
Fork  delivers  in  September  about  10  second-feet,  which  is  perhaps 
enough  to  make  good  the  loss  by  evaporation  in  the  main  river  from 
the  junction  to  the  Red  Mountain  gaging  station.  It  is  believed  that 
there  is  as  much  water  at  the  junction  as  at  Red  Mountain.  Observa- 
tions on  the  main  river  at  Red  Mountain  covering  the  months  of  July, 
August,  and  September  of  the  years  1896  to  1900,  inclusive,  indicate 
that  had  the  proposed  tunnel  conduit  been  in  operation  during  that 
time  it  could  have  been  filled  to  its  maximum  capacity  of  180  second- 
feet  during  the  whole  of  the  month  of  July  of  each  year.  During  the 
whole  of  August  of  the  same  years  the  tunnel  could  have  been  supplied 
with  100  second-feet  of  water,  and  for  75  per  cent  of  the  time  it  could 
have  had  150  second-feet.  During  September  of  the  same  years  a 
supply  of  100  second-feet  could  have  been  obtained  three-fifths  of  the 
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time  and  an  average  of  85  second-feet  during  the  remaining  two-fifths 
of  the  time — the  exceptionally  drj^  years  of  1898  and  1899.  With  650 
feet  head  the  85  second-feet  would  yield 

h.       8.-f. 

?^J^  =  6,250  horsepower. 

O.O 

This  means  that  during  every  month  of  e|ich  of  the  foregoing  years, 
excepting  the  two  months  of  August  and  September,  the  conduit 
could  have  carried  its  maximum  capacity  of  180  second-feet. 

Careful  measurement^^  should  be  made  of  the  Middle  and  South 
forks  to  determine  their  respective  volumes  of  flow  before  construc- 
tion is  attempted. 

GROUND  WATER  OF  KINGS  RIVER  DELTA. 

The  territory  with  a  deficient  water  supply  is  that  covered  in  the 
main  by  the  Fowler  Switch,  the  Alta  District,  the  Kingsbury,  and  the 
Last  Chance  canals.  Peoples'  ditch,  and  the  Fresno  canal.  A  late 
summer  supply  would  permit  the  production  of  alfalfa  and  other 
products.  The  natural  drainage  of  these  lands  is  toward  the  south- 
west, at  the  rate  of  about  6  feet  to  the  mile.  The  soil  is  largely 
granitic  sand,  and  below  an  average  depth  of  10  or  15  feet  it  is  satu- 
rated with  water.  The  surface  water  is  somewhat  alkaline,  and  there- 
fore it  is  not  advisable  to  pump  it  for  irrigation.  Water  below  a  depth 
of  50  feet  can  be  considered  satisfactory  for  iiTigation.  This  is  based 
on  tests  of  more  than  800  wells  in  the  district,  some  of  them  being 
in  sections  where  there  were  the  strongest  surface  alkaline  indica- 
tions. In  ever}''  case  this  lower  water  was  found  to  be  good,  and 
when  the  strata  near  the  surface  are  penetrated  it  rises  to  the  eleva- 
tion stated. 

There  have  been  few  attempts  to  pump  water  in  larger  quantity 
than  is  required  for  domestic  purposes.  A  2-inch  screw  pipe  put 
down  to  an  average  depth  of  50  feet,  landing  the  pipe  on  a  stratum 
of  clay  and  then  boring  through  the  clay  and  allowing  the  water  to 
come  in  from  the  bottom  of  the  hole,  is  always  ample  for  this  purpose. 
LfOcally  it  is  the  common  impression  that  by  boring  through  two  or 
tht-ee  strata  of  clay  or  hardpan  all  of  the  surface  water  is  shut  off, 
thus  exempting  the  consumers  from  one  of  the  supposed  causes  of 
malaria.  An  abundant  supply  of  water  at  20  or  30  feet  could  be 
obtained,  but  the  quality  would  not  be  so  good. 

One  of  the  largest  pumping  plants  in  this  vicinity  is  that  of  the 

Fresno  Domestic  Water  Company,  the  water  supply  for  wnich  is 

obtained  from  imperforated  wells  at  a  depth  of  600  feet.     In  this  case 

an  ample  supply  (about  4  second-feet)  for  a  city  of  12,000  inhabitants 

is  obtained  from  a  city  lot  50  feet  by  150  feet.     In  and  around  Fresno 

a  number  of  wells  have  been  put  down  for  street  sprinkling.     These 
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wells  are  8  inches  in  diameter  and  do  not  exceed  70  feet  in  dep( 
They  are  unperforated,  excepting  perhaps  the  lower  joint  or  twoj 
the  pipe,  and  practically  all  of  the  water  comes  from  the  bot 
With  a  2i-horsepower  engine  they  fill  a  1,250-gallon  tank  0  feet  a 
the  surface  in  five  minutes,  or  at  the  rate  of  more  than  0.5  seoo 
foot,  lowering  the  water  plane  during  the  pumping  not  to  exceed  5 
6  feet  below  its  normal  elevation.     A  few  small  pumping  plants  haj 
been  installed — one  5  mi  Fes  east  of  Fresno,  on  Minnewawa  ran 
several  around  Selma,  and  two  neaV  Wild  Flower — which  yield  at  le 
0.5  second-foot  to  a  7-inch  unperforated  well  not  more  than  70  t 
deep,  with  a  lift  not  to  exceed  20  feet  in  any  case. 

Wells  of  about  10-inch  or  12-inch  casing  should  be  put  down  toj 

■ 

depth  of  about  100  feet  on  an  average,  and  should  not  be  perforat 
above  50  feet  below  the  surface,  thus  shutting  off  all  possible  chan 
of  drawing  from  the  more  or  less  alkaline  surface  water.  It  is  pro 
able  that  wells  of  this  size  and  depth  would  each  furnish  1.5  seeon 
feet.  A  w^ell  driller  in  Selma  states  that  he  will  put  12-inch  welj 
down  to  a  depth  of  150  feet  and  guarantee  them  to  furnish  1.5  second 
feet  each,  without  perforations,  at  a  cost  not  to  exceed  $300  pel 
well.  I    = 

PI.  V  is  a  map  of  Kings  River  delta  showing  the  distribution  canaK^ 
and  the  location  of  the  wells  visited  during  the  investigation.  Th^^ 
numbers  of  the  wells  on  that  map  correspond  with  the  numbers  in  tbec^ 
following  table,  which  giv^es  the  details  concerning  each  well.  Thet::^ 
principal  facts  regarding  the  wells  are  given  in  abbreviated  form.-^ 
In  the  first  column  is  the  number  of  the  well,  as  shown  on  the  map,;^ 
PL  V.  In  the  next  column  is  the  name  of  the  owner,  and  following^)/ 
that  the  location,  by  township,  range,  and  section;  the  date  com-  \ 
pie  ted;  and  the  class  of  well,  the  latter  being  indicated  by  symbol,  D  ^ 
meaning  dug  well,  Dr  driven  well,  and  B  bored  well,  the  accompany-  j  j 
ing  figures  giving  the  average  diameter  or  width,  in  inches — for  exam-  ^ 
pie,  D36  means  a  dug  well  36  inches  across.  The  depth  of  the  well,  the 
depth  to  water,  and  the  depth  of  the  water  in  the  well,  all  in  feet,  are 
given  in  the  next  columns.  These  columns  are  followed  b}'  one  giving 
the  character  of  the  strata,  which  is  indicated  by  initials,  C  meaning 
clay,  G  gravel,  (?r decomposed  granite,  Tvloam,  ^Ssand,  ^quartz  rock, 
Qs  quick-sand,  and  Hjy  hardpan.  To  illustrate :  LSG  is  equivalent  to 
loam,  sand,  and  gravel.  The  next  column  (right-hand  page)  gives  the 
quality  of  the  water,  whether  hard,  soft,  alkaline  {alk)^  or  sulphur- 
ous {sul).  The  next  one  gives  the  method  by  which  the  water  is 
obtained,  the  word  hand  meaning  hand  pump,  horse  a  horse-power 
machine,  and  wiJid  a  windmill.  In  the  latter  case  the  accompany- 
ing figures  give  the  diameter  of  the  windmill,  in  feet.  For  example, 
14  wind  is  intended  to  imply  that  water  is  pumped  by  a  14-foot  wind- 
mill.    The  cost  of  the  well  and  of  the  machinery  is  given  in  the  next 
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two  columns.  Following  that  is  the  character  of  the  supply,  good 
indicating  a  good  supply  and  small  a  small  or  deficient  supply; 
where  the  quantity  is  given  it  is  in  gallons  per  day  of  twenty-four 
hours.  In  the  next  column,  headed  "  Use  of  water,"  the  abbreviation 
dam  implies  domestic  use,  st  implies  use  for  watering  cattle  and 
horses,  and  irr  that  wat«r  is  also  used  for  irrigation.  The  last  col- 
umn gives  the  relative  salinity  of  the  water  in  parts  per  100,000.  As 
a  rule  the  water  in  most  of  the  wells  varies  in  quantity  as  a  result  of 
irrigation,  the  fluctuation  being  within  limits  of  a  few  feet. 
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Wells  in  Kings  River  delta — 


• 

o 
JZ5 

Owner  of  well. 

Location. 

Year 
com- 
pleted. 

• 

Class  of 
welL 

% 

Feet. 
14 
14 

1 

2 
t 

1 

'S 

Feet. 
2 

4 

Strata. 

1 

Rt  A.  Jamefl 

T.   R,   8. 
14    23    10 
14   23    14 
14   23    28 

1803 
1894 

D86 

Feet 
12 
10 
12 

88 
10 
66 

GB 

2 

L.W.Hobler 

Dr2* 

D36 

GB 

Gr 

3 

Mount  Camel  Yine- 

vard. 
'7o  Company 

4 

B4 

5 

W.  S.  GoodfeUo  w 

1894 

i892 
1891 

'  1895 
1897 
1881 
1808 

"isos"" 

1696 

"1802" 
1688 
1888 
1892 
1896 
1900 
1894 
1894 
1898 
1892 
1680 

1897 
1897 
1898 
1895 
1890 
1896 

"i896" 
1882 

1892 
'i89i" 

"iaOT" 
"im" 

1891 

"'1892" 
1864 

"*i896  ■ 

1892 
1890 
1887 

"1884" 

DrU 

LSGB 

6 

E.J.Bnllard 

13    19     2 
18    20     8 
13    20    10 
13    20     8 
13    20     8 
.13    20    10 
13    20    11 
13   21     6 
13    21      5 

13  21     8 

14  20     4 
18    20    32 
13    20    33 
13    20    83 
13    20    29 
13    20    29 
13    20    29 
13    20    19 
18    20    19 
13    20    19 
13    19    24 
13    20    19 
13    20    19 
13    20    19 
13    20    19 
13    20    20 
13    20    20 
13    20    20 

13  20    29 

14  20     4 
18    20    83 
13    20    34 

,13    20    27 
13    20    28 
13    20    21 
13    20    22 
13    20    10 
13    20    10 
13    20    14 
13    20    14 
18    20    14 
18    20    11 
13    20    12 
13    21    19 
13    21    19 
13    21    19 
13    21    UO 
13    21    19 
13    21    80 
13    20    35 

13    20    34 
13    20    26 
13    20    25 
13    20    25 
13    21    30 
13    21    31 
18    21    80 
13    21    30 
18    21    31 
13    21    31 
13    21    32 
13    21    32 
13   21   3;^ 
13    21    32 
13    21    32 

B2 

7 

P.  Mr  Hart  . 

B7 

8 

B5 

9 

H-  Jph'HBon  -     -,  -  - 

B 

10 

J.  H.Fnnck 

B7 

80 
105 

32 
80 
28 
28 

8 
18 

5 

48 
75 

11 

H.V.Parker 

B8 

B5 

12 

13 

QusPloetz 

W.  M,  Shortridge 

R.T.Or/en 

B5 

80 
86 
90 
66 
60 
90 
66 

52 

28 
77 
60 

14 

B5 

GCQs 

15 

B7 

LHpCG 

16 

T.L.  Hunter 

Mr.Roedlnir  - 

B7 

LG^-...:..::::.. 

17 

B3 

18 

M.  Dunlavey 

B5 

7 

9 

10 

8 

12 

14 

16 

16 

27 

22 

20 

28 

25 

16 

16 

16 

6 

6 

6 

6 

10 

9 

17 

18 

21 

24 

17 

16 

83 
47 

LG 

19 

William  Shepp 

do 

B2 

LGCS 

20 

B2 

21 

J.  Mills 

Bo 

80 
86 
104 
66 
17 
96 

72 
73 
90 
50 

1 
69 

LG 

22 

M.  Jensen 

B2 

23 

J.P.Green 

B2 

24 

AuflTUst  Bonn 

B3 

flp i..r.r.. 

25 

Conrad  Bopp 

D86 

Hp 

26 

Mrs.  E.  G.  McCardle . . 
•W.N.Harris 

B6 

sS .::..: 

27 

B2 

28 

E.  G.  Dickinson 

P.G.Foster 

B2 

44 
104 

05 
125 

24 

G 

29 

B5 

80 

S.E.Ward 

B6 

B6 

70 
107 

HpS 

81 

A.  S.  Coon. ............ 

32 

B2 

33 

B.T.  Tipton 

B6 

70 
76 
65 
70 
50 
66 
66 

54 
70 
60 
64 
44 
76 
46 

34 

Wm.N.  Puller 

G.M.  Boles 

B2 

B6 

HpSG 

85 

86 

Abraham  Wade 

Jno.Barry 

B3 

-»  -*•**>«■•*>*••-••• 

37 

B2 

88 

C.D.Edserly 

B2* 

*     * 

39 

Mr.  Bailey '."." 

B2 

40 

B6 

41 

T.O.White 

B7 

60 
40 
66 

82 
19 
41 

42 

B7 

43 

J. Wallers 

B6 

44 

C.W.Stevens 

B7 

45 

Wm.  Bitner 

B2t 

46 

H.  J.  Lorgenson 

M.J.  Miles 

B2 

85 

47 

B3 

48 

Mr.Helm 

B7 

49 

Jno.  Swenson.... .. 

B6 

82 
80 

9 

8 

78 

72 

60 

B 

51 

Mr.  Wolf 

B 

62 

Eeflrars  estate 

B 

53 

Ger.  8.  and  L.  Bank. . . 

C.G.Anderson 

Esmeralda  Vineyard 
Co. 

B6 

9 
8 
7 

7 
7 
7 
6 
7 

54 

B6 

63 
65 

9 

47 

56 

2 

G 

55 

B2 

66 

D8x6.- 

B 

57 

Geo.  I.  Helm  .- 

68 

W.J.Dickey 

B7 

120 
76 

113 

70 

60 

J,  P,  TTioma"! 

B2 

60 

B 

61 

E.  J.Azbderian 

P.  M.  Roessler 

Dr 

62 

B2 

60 
83 
80 
7» 

6 

6 
6 

8 

44 
75 
74 
64 

SLGHpQs 

6;^ 

G.R.Shipp 

B3 

64 

Guthrie  Co 

B 

65 

E.  Kennedy 

B6 

66 

Mr.Porsyth 

B 

67 

Guthrie  «  Co 

B4 

7 

68 

G.R.Taylor 

B 

90 

100 

85 

69 

Y.  Locan 

B2 

B 

7 
6 
B 

7 

98 
79 

70 

L.  1j.  Desnhar 

71 

Essrars  estate 

B8 

72 

Olsen  estate 

13    21    19 

1899 

B6 

80 

1    73 

SLHpOQ...r. 

....» 

*  Where  the  quantity  is  given  it  is  in  gallons  per  day  of  24  hoars. 
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Fresno,  TuJarej  and  Kings  counties. 


Qiiality  of 
water. 

Method  of  Uft. 

Cost  of 
well. 

Cost  of 

ma- 

dhln- 

ery. 

Snpply.  • 

Use  of  water. 

Salts,  parts  per 

idoiooo. 

Soft 

do.... 

Hfuid       .  .. 

Gtood 

Dom 

14 

do 

$10.00 

do 

do 

8 

do 

do 

10 

Horse •. 

Stock 

Hazd 

FaDd 

^ 

14.00 

Dom .- 

8 

Wind 

Dom;  st .... 

12 

Soft 

do 

3,000  sallons 

do 

11 

do.... 

do.... 

do.... 

do.... 

Hand  

Good: 

do 

Dom . 

8 

Wind 

Dom;  St 

11 

Hand,  ,  „ 

do 

Dom -.-.- 

11 

Uwlnd 

2,000  gallons 

Dom;  st 

11 

Hand  

Dom _- 

10 

Soft 

do.... 

do-... 

do.... 

do-... 

do.... 

do.... 

Wind 

1 

do 

9 

12  wind 

18.00 

46.00 

do 

16 

Wind 

(Stood  

do 

11 

Hand     ...     ..... 

do 

do 

11 

12  wind 

do 

Dom;  st ..... 

12 

Hand 

106.00 
l.fiO 

do 

Dom    _. 

12 

do 

15.00 

do 

Dom;  st 

10 

do 

do 

Dom 

8 

Soft 

do 

40.00 
84.00 

26.66 

76.00 

65.00 

6.00 

do 

do 

8 

do.... 

do.... 

do.... 

do.-.. 

Wind 

do 

do 

10 

Hand 

do 

do 

0 

do 

ao.oo 

do 

Dom;  st 

9 

Rope 

Small 

Dom 

9 

Hand « 

...  1    .                

do 

8 

Soft 

do 

4.00 

Good 

Dom;  st 

8 

do.... 

do 

Dom  _ 

8 

do.... 

do 

76.00 
46.00 

"  i6.'66" 

6.76 

Good 

do 

8 

do.— 

do 

do 

do 

8 

do.... 

do 

do.—: 

do 

10 

do 

do 

Soft 

do 

3.00 
41.00 

Good 

do 

8 

do.... 

do.... 

do.... 

Hard 

Boft 

do.... 

8wind 

20.00 

do 

do 

8 

Wind 

do 

Dom;  irr 

12 

8wind 

do 

do 

Jl 

Hand  .... 

25.00 
85.00 

do 

Dom 

10 

18  wind 

do 

do 

11 

Hand 

do 

do 

Wind 

do 

8 

Soft 

do 

Good 

do 

8 

....do.— 
do.... 

Hand 

do. 

do.-:::::!-:-:..: 

12 

do 

80.  UO 

do 

do 

11 

do  — 

do- 
Hard 

8  wind 

do 

do 

10 

Hand  . 

6.00 

....do 

do 

do 

10 

do 

do 

10 

Soft—-... 

do 

....do 

do 

12 

do  — 

do.... 

do... 

Uwlnd 

do 

Dom;  st 

Dom 

10 

Hand     .... 

do 

12 

do 

6.00 

do 

do 

8 

do.... 

do.... 

do  — 

do.... 

do.... 

do 

do 

do 

8 

Wind 

do 

do 

12 

Hand 

do 

do 

8 

Wind 

do 

do 

8 

Hand 

6.00 
1.50 

do 

do 

8 

Lever 

6.00 

Small 

Dom;  Irr.... .. 

16 

Soft 

do.... 

do.... 

Wind 

Gtood 

Dom 

14 

do 

do 

12 

do 

6.00 

do 

do 

10 

do.... 

do-... 

Hand        . 

do 

do 

8 

do 

6.00 

do 

do 

9 

do  — 

...do.... 

Wind 

do 

do 

12 

do 

83.00 

170.00 

do 

do 

12 

do.... 

do 

do 

do 

13 

...do.... 

do 

do 

do 

...do..-. 

do 

do 

do 

11 

.  do-... 

do 

do 

do 

0 

..do.... 

do 

...do 

Dom;  st 

10 

..do.... 

do 

do 

Dom 

G 

...do.... 

do 

85.00 


130.00 

do 

do 

9 

do.... 

do.— 

Stfmm ....     . . 

30,000  gallons 

Good 

Winery;  dom 

do 

13 

Steam;  wind 

100.  (JO 

12 
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Wells  in  Kings  River  delta — Fresno, 


m 
m 

O 

Owner  of  well. 

Location. 

Year 
com- 
pleted. 

Class  of 
weU. 

c 

i| 

p. 

Feet. 

9 

10 

85 

t 

Feet. 
61 

Strata. 

73 
74 

PaolLeonhart 

T.    R.  8. 
18    21    19 
18   21    19 

12    19     5 

12    19    34 
12    19    85 

12  20    31 

13  20     5 
12    20    34 
12    20    22 
12    20    15 
12    20    14 
12    20    13 
12    21      7 
12    20    24 
12    20    25 
12    21    19 
12    21    20 
12    21    19 
12    21    17 
12    21    18 
12    21      5 
12    21      8 
12    21      4 
12    21      4 
12    21      9 
12    21    10 

12  21    15 

13  20    15 
13    20    14 
13    20    23 
13    21    29 
13    21    21 
13    21    21 
13    21    28 
13    21    15 
13    21    16 
13    21      9 
13    21      8 
13    21    15 
13    21      9 
13    21      4 
12    21    33 

12  21    33 

13  21      5 
12    21    34 
12    21    28 
12    21    30 

12  21    28 

13  21      5 
13    21      2 
12    21    34 
12    21    26 
12    21    26 
12    21    35 
12    21    22 
12    21    22 
12    21    14 
12    21    11 
12    21    13 
12    21    23 
12    21    24 
12    22    81 
12    22    81 
12    22    32 
12    22    29 
12    22    21 
12    22    27 
12    22    26 
12    22    27 
12    22    22 
12    22    14 
12    22    34 

1889 
1887 

1886" 

"i894" 
1886 

■*i8«2" 
1891 
1885 

*"i890" 
1892 
1881 
1882 
1880 
1880 
1900 

"i880" 
1891 

"i89i' 

1900 
1894 
1898 
1890 

"1888"" 
"1896" 

"1879" 

"1895" 
1894 
1892 
1877 
1899 
1878 

"1885' " 
1888 

"1880" 
1880 

"1899 
1890 
1893 

1898 
1890 

BU 

F^t. 
70 

B7 

fD12 

|l40 

56 

LHpGCS 

7'h 

S.P.Co 

Snfi 

76 

Thornton  estate 

Lee  Cobb    

IBo 

B8 

77 

B7 

78 

E.  J.Bullard 

B8 

70 
100 
60 
85 
85 
90 
80 
80 
68 
48 
38 
34 

HpSQO 

79 

do            

B8 

80 

J.H.Bandel 

fl6 

70 
99 

10 
14 

81 

1  pj.  J.  Ijane  .... 

B8 

CSG 

82 

Frank  l^ne 

B 

83 

,T.  P.  WiUlanT«f 

B6 

115 

26 

84 

RjurrAmATitn  Rank 

B6 

85  '  /l.B  PhII 

B6 

145 

66 

G 

86  Gndllp  Ambrosia 

87  Hurrv  Ma.ntiin .  _      . 

B6 

Btt 

113 

65 

COS 

88 

Geo.  Johnson 

P.E.Brown 

B5 

89 

B7 

90 
91 
92 
93 

W.Poster 

B7 

76 

98 
100 
180 
100 

"28" 

47+ 

"86" 

60 
100+ 

45 

B.P.Parker 

B7 

85 
45 

60 

63 

60+ 

18 

38 

22 

18 

15 

14 

13 

6 

6 

7 

6 

6 
14 
14 
10 

9 

8 

9 
10 
11 
15 
14 
12 
26 
12 
12 
10 
12 
20 
12 
18 

9 

9 
13 
20 
13 

11 

25 
16 
80 
24 
12 
24 
14 

•^ 

15 
14 

58 
55 
70 
70 

""s" 

14+ 

CG 

J.W.Brown 

B7  

CSG 

MiloBowell 

B7 

94 

J.M.HeJskeli 

B7 

C 

95 

OhiW.  PmwT» 

D48 

D48 

D54 

D-B 

B8 

CG 

96 
97 

Mrs.Blrkhead 

V.B.Cobb 

98 

J.M.Hei«kell 

Presno  National  Bank 
J.H.Barker 

99 

68 
45 
86 
82 

CG 

100 

B2 

101 

P.M.Merrit 

B7 

102 

Mr.  Moon           

B2 

1(^ 

HiRmarpk  Vlnnvard 

B2 

104  ,  PH.  McGarrv .'. 

B6 

B2 

B2 

80 
110 

74 
108 

. 

105 

M.F.Tarpey 

106 

Mr.Hein 

Andremr  Palm 

107 

B2 

85 
81 
80 
54 
80 

T9 
67 
66 
44 

71 

L 

108  G.J.Tyler 

109  H- J- Cllifford 

B2 

L 

BU 

110 

C?,R.  Damon .. 

B5 

LHpCG 

111 

J.  W.  Sharer 

B6 

112 

J.Damold 

B7 

113 

Q.W.Green 

B5 

B5 

"77" 
"56" 

114 

A.  Henderson.. 

67 

115 

B 

B5 

116 

35 

117 
IIK 

B5 

B8 

AViAnnard  &  TAAfimA 

119  .  OhaarA.  Owens  "     _  _ 

D 

90 

"56" 
40 
50 
6f> 
50 
45 

64 

120 
121 
IJS? 

H.B.Bissell 

B8 

B5 

B7 

W.E. Parker  ...  

Cates  estate 

88 
80 
38 
40 
38 
27 

LHpAshSG 

123 

J.W.Potter 

B6 

B8 

B8 

Deo 

124 

do 

G 

1 

125 
126 

do 

-._•...-._.--.-_..._ 

do 

127 

Miss,  schoolhonse 

T.C.White 

B6 

1J» 

Deo 

B6 

14 
25 
40 

5 

12 
20 

129 

T.P.Nelson 

r.Hpci 

130 

Rank 

D60 

C..' 

131 

B9 

132 

J.  E.  Dickerson 

J.D.Collins 

B8 

B6 

D48 

50 
54 
31 

89 

40 

6 

138 

134 

Clovis  Cole 

135 

Bank 

B6 

• 

13B 

D.C.  Sample 

Deo 

40 
25 
14 
25 
18 

'^ 

17 

10 
1 
2 
1 
4 

\' 

7 
3 

,_       1 

137 

do - 

D48 

CHp 

18K 

do 

Marvin  Simpson 

Alfred  Beard 

D48 

139 

Deo 

Soil 

Gr 



140 

D60 

141 
142 

do 

Jack  Simpson 

B.  Simpson  ._ 

D«0 

D60 

QsHpCG 

GCSGr 

CGr 

143 

DOO 

144 

Deo  

---! 

•  Heavy  soil  and  adobe  rock. 
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Tidare^  and  Kings  oou7i^ie«— Continned. 


Quality  of 
water. 


Soft-. 
do 


do... 


do 

...do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

...-do 

do 

do 

do 

_...do 
Hard. 

do 

..-.do 

.-..do 

Soft- 

Hard.. 

Soft-. 

...do 

....do 

do 

.-..do 


Soft.. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

...do. 

....do 

....do 

do 

....do 

do. 

....do 

...do 

....do 

....do. 

...-do. 

....do. 

..-.do 


Alk.. 
Soft- 


Soft- 
Hard. 

do 

do 

Soft-. 
Alk... 

do 

Soft- 
Hard.. 

do. 

Alk  .. 

do. 

Hard.. 


Method  of  lift. 


j 


Hand.. 
Wind  . 

Steam. 


Uwind. 
12  wind 
14  wind 
8  wind  . 
Home.. 
8  wind  . 
16  wind 

do.. 

Hand... 
16  wind 

do.. 

Uwind 
Hand- 
Wind  - 

do.. 

16  wind 
Wind  - 
Uwind 
do- 
le wind 
Hand..., 
Rope.-. 
Uwind 

11  wind 
Hand... 
Wind  ,. 
Hand... 

12  wind. 
Hand... 
8  wind-. 
Hand... 

do-. 

8  wind.. 
Hand.-. 

do.. 

do-. 

do.. 

Wind  .. 
8  wind.. 
Hand... 
....do.. 

do. 

8  wind.. 
12  wind. 
8  wind.. 
Hand... 
Wind  .. 
Hand... 
8  wind.. 
Hand... 
8  wind.. 
Hand... 
Bope... 
Hand... 
...do.. 
Horse.. 
Uwind. 
Hand... 
16  wind. 
Hand... 
8  wind.. 
16  wind. 
8wlnd.. 
Hand... 
8  wind.. 
Hand... 
8  wind  . 
Wind  .. 
Horse .. 


CkMtof 
well. 


$80.00 


145.00 


113.00 


100.00 


40.00 
33.00 


25.00 

25.00 

60.00 

175.00 


22.00 


37.50 


50.00 

9.00 

10.00 


Cost  of 
ma- 
ohln- 
ery. 


$5.00 


41.00 


90.00 


125.00 


174.00 


5.00 


30.00 
5.00 


Supply. 


Good 

do 

3,125  gallons. 

Good 

do 

do 

do 

do 

....do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do 

do 

.....do 


Use  of  water. 


Small 


5.00 


50.00 


6.00 

5.00 

100.00 

5.00 

18.00 


5.00 
5.00 
5.00 


48.00 
5.00 


86.00 
5.00 


5.00 


5.00 
5.00 


56.00 
26.00 


45.00 

5.00 

86.00 


Good. 
.....do 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

...do 

do. 

do 

do. 

do 

....  do. 
Small . 
Good. 
do. 


do 

do 

....do 

do 

Small 

do 

...do 
Good. 

do 

Small 

do 

Good. 

do 

Small 
Good. 
Small 
Good. 

do 

Small 
Good. 
Small 


Dom 

....do 

/Dom ;  boilers  of  S.  P. 
1    Co. 
Dom;  st 

...do 


do... 

do... 

do... 

do... 

do-. 

do... 

do... 

do... 

.....do.... 

do... 

Dom 

Dom;  St. 

Dom 

Dom;  St. 

do.... 

Dom 

Dom;  St. 

do... 

do.-., 

do... 

do... 

do... 

Dom 

Dom;  St. 

Dom 

do... 

.  ..-do-... 
Dom;  St.. 

do... 

do..., 

Dom 

Dom;  St.. 

do.... 

do.... 

Dom 

Dom;  St.. 
-.--do.... 

Dom 

Dom;  irr. 
Dom;  St.. 

Dom 

Dom;  St.. 

do 

...do..-. 
....do.... 
...do-... 

do.... 

-...do.... 
...do--.. 

Dom 

Dom;  St.. 
..-.do.... 
.-..do---. 
Stock  .... 
Dom;  St.. 

do 

....do-... 
...do.... 
....do.-.. 
-.  do.-.. 
Stock  .... 
Dom:  St.. 
..  -do.... 

Dom 

Dom;  St.. 
....do.... 
Stock  .... 


P. 

4 


} 


8 
8 

9 

9 
10 

8 
11 
13 
12 
12 
11 


11 
12 
11 
11 

9 
10 
12 
11 
10 
13 
14 
13 
24 
12 
15 
II 
13 

8 
13 
13 
13 
15 
10 

8 
13 
12 

8 
13 
10 
16 
13 
11 
13 
11 

9 
11 
13 

la 

11 
15 
13 

21 


13 
13 
20 
16 
21 


21 
13 
28 
25 


12 
13 
18 
14 


*  Heavy  soil. 
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STOBAGE    OF    WATER   ON    KINGS    RIVER,   CAL. 


[vo.oS. 


Wells  in  Kings  Rit>er  delta — Fresno^ 


? 
► 


o 


145 
146 
147 
148 
149 

160 
161 
162 
153 
154 
165 
156 
157 
15H 
150 
160 
161 
102 
163 
164 
165 
166 
167 
168 
160 
170 
171 
172 
173 
174 
175 
176 

m 

178 

179 

180 

181 

182 

183 

184 

185 

186 

187 

188 

189 

100 

191 

19£ 

193 

104 

195 

196 

197 

198 

199 

200 

201 

202 

203 

204 

205 

206 

207 

206 

209 

210 

211 

212 

213 

214 

215 

216 

217 

218 


Owner  of  weU. 


Bank  of  Sacramento. . 

W.  M.  Uarbiaon 

T.C.  White 

C.J.Beyburn 

Redbanks  achool- 
house. 

A.Gordon 

B.F.Griffen 

A.  H.  Hamilton 

Fresno  L.  and  8.  Bank 

do 

R.G.Hewitt 

Sam  Ebe 

S.F.  Bank 

Sacramento  Bank 

Jno.  Lee  estate 

J.M.Ellmore 

Alfred  Beard 

Mr.  Gibson 

Mr.  Meyers 

County  of  Fresno  — 

J.Nishkian 

L.  Dalton 

J.  Steinivaud 

St.  George  Winery . . . 

W.E.Carrico 

H.J.Eaton 

S.E.Mill 

Miss  Ethel  Shell 

Geo.  O.  Roeding 

Judge  Wallace 

G.B.  Passon 

M.  E.  Laymensce 

E.L.Curtis 

Mr.  Wright 

B.B.Baird 

Sacramento  Bank  . . . 
S.  F.  Savings  Union . . 
W.  O.  Blasmgame .... 

Dr.  Chester  Rowl 

Fresno  Milling  Co. .. 

Jno.  D.  Rutle^e 

C.  W.  Forsman 

A.  Vogel 

Mr.  Hayes 

Joseph  Bocarde 


Mr.  Dickerson 

J.W.Martin 

G.T.Hawley  &Bro. 
San  Ricardo  Vineyard 

H.  M.  Rusiigian 

J.  RuHtigian 

C.D.Wright 

Geo.  Gooar  ich 

Frank  Green 

N.CSkoegard 

Alice  Tread  well 


L.  M.  Fincher 


N.A.SheUiDg  ... 

E.  E.Irwin 

W.Davenhill .... 
J.D. Reybum  ... 
Qeo.  P.  Byreborg 

A.J.Ca88 

Mr.  Herman 

McDonald  estate 


Samu el  Funck . . .  •. 
R.  J.  Robinson 


Thos.  Hughes,  yin 
D.J.Vaughn 


Location. 


Year 
com- 
pleted. 


18 

18 

13 

13 

18 

13 

13 

13 

13 

13 

13 

13 

13 

14 

14 

14 

14 

14 

14 

13 

13 

13 

13 

14 

13 

13 

18 

13 

14 

13 

14 

13 

14 

14 

14 

14 

18 

13 

13 

14 

13 

18 

13 

13 

14 

14 

14 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

13 

14 

14 

14 

14 

14 


22 
22 
22 
22 
22 
21 
22 


21 
21 
21 
21 


8 
6 
7 
6 
6 
14 
8 


6 
6  I 
6 
5 


1880 
1875 
1882 
1880 
1892 


1892 
1882 
1894 

1885 


1899 
1806 
1885 
1809 
1893 
1891 


1898 
1900 


1897 
1897 
1897 
1888 
1888 
1882 
1895 
1884 
1888 
1895 


1891 


1896 


1892 
1886 
1887 
1899 
1880 


21  33 

21  33 

21  34 

21  34 

21  3 

21  35 

21  36 

21  36 

22  31 
22  6 
22  32 
22  5 
22  32 
22  4 
22  4 
20  3 
20  4  ' 
20  34  I 
20  34 
20  35 
20  2 
20  35 
20  35 

20  35 

21  31 
21  6  I 
21  6 
21  5  I 
21  :« 
21  33  I 
21  33 
21  34  I 
21  27 
21  22 

21  15 : 

21  15  

21  14   1885 

21  14   1894 

21  11   1892 

21  14   1890 

21  14   1801 

21  24  ,  1897 

22  18   1877 

22  18  

22  19  

20  3   1890 

20  3   19(j0 

20  2, 

20  U  

20  12   1882 


Class  of 
well. 


Da6. 
B6.. 
B8.. 
B8.. 
B7. 


22 

8 

18o2 

22 

8 

1880 

S2 

16 

1880 

22 

15 

1884 

22 

16 

1885 

22 

14 

1880 

20 

2 

1800 

20 

2 

1897 

D60. 

IXK). 

D60. 

D60. 

B7. 

B2. 

D48 

Deo. 

D48. 

B6. 

B8.. 

B8.. 

D54. 

B2.. 

B7. 

B2.. 

B2. 

B6.. 

BIO. 

B5.. 

B2-. 

B2.. 

B2.. 

B8.. 

B2.. 

B2.. 

B2.. 

B... 

B2.. 

B2.. 

Bo.. 

B6-. 

B72. 

B2.. 

B2.. 

B2.. 

B2  .. 

B4-. 

B7-. 

B3.. 

BU. 

D2.. 

B2.. 

B... 

B2.. 

B2.. 

B2.. 

B2.. 

B2.. 

B2.. 

B2.. 

B2.. 

B8.. 

B2.. 

B2.. 

B8.. 

B2.. 

B7.. 

B2.. 

B2.. 

B2.. 

D48. 

D48. 

B2.. 

Bl.. 

B2.. 

B2.. 

B... 

B6.. 


• 


P. 


»« 

U 

s 

s 

« 

<s 

> 

► 

5 

^ 

5 

^ 

Pi 

s* 

& 

& 

Feet. 
14 

82 
75 


20 
50 
60 
37 


00 


60 
60 
80 
75 


30 


80 

45 

300 

78 


70 
79 
00 
45 
40 
60 


66 
76 


85 
60 
95 
81 
75 
00 
60 
70 
75 


12 
00 


60 


80 
75 
00 


86 


75 


85 


85 
00 
60 
40 
80 


17 
75 
73 


66 


Feet 
10 
87 
36 
38 
26 

14 
28 
25 
18 
82 
12 

lU 

21 

22 

23 

37 

38 

30 

15 

10 

8 
15 

6 

6 

0 

0 
12 
12 

8 
20 
14 

8 

7 
10 
11 

0 
16 
10 
14 
12 

6 


8 
11 
20 

8 

7 
15 
10 
12 
10 

8 

7 

0 

8 
10 

0 

6 

7 

8 

0 

7 

12 
16 

0 

8 
16 
11 
14 
12 
10 
10 

0    > 


Strata. 


Feet. 

4 

45 

40 


6 
22 
86 
19 


78 


15 


66 

30 

204 


5P 
67 
82 
25 
26 
52 


66 
64 


60 

n 

60 


62 
50 
66 


5 
75 


48 


72 
68 
51 


75 


7B 


78 
74 
61 
82 
66 

"z 


CHpG. 


CHpG 

G 

G 


88  ... 

37  ... 

48  >  G. 

87  ... 


L 

LHpCG 


LHpGC 


60 


G 

LCSQ 

G 

8 


CHp. 


SG 
S.. 


LHpCS 
8LGC- 

8G 

8 

8C 


LHpQsSGC. 


L 
G. 


G.. 
8G' 

cs" 


CG8 

LHpS'".'.."." 
GCupQsOG 

CHpCSGllII 


LHpCSG. 
S 


LG8G 
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l^Uare,  and  Kings  counties — Continned. 


Quality  of 
water. 

Method  of  lift. 

Cost  of 

weU. 

Cost  of 
ma- 
chin- 
ery. 

Supply. 

Use  of  water. 

Salts,  parts  per 
10^000. 

Hard 

do.... 

do.... 

do.... 

do.... 

do.... 

Soft 

Hard 

Soft 

Hand . 

16.00 

90.00 

6.00 

Small 

Dom;  St.. 

15 

10  wind 

Gkxxi 

do 

15 

Hn-nd .-        

do 

do 

U2 

Wind 

do 

do 

12 

Hand 

do 

Dom  , 

14 

Rope 

Dom;  St.. 

8  wind 

40.00 

130.00 

14.00 

Gk>od 

Dom' . 

11 

Wind 

$50.00 

do 

Dom;  st .. 

15 

do 

do 

do 

17 

Hard 

Soft 

do.... 

14  wind 

do 

do 

17 

Hand 

6.00 

do 

....  do 

12 

do 

do 

do 

14 

Hard 

do.— 

Wind 

t 

do 

do 

14 

do 

**"  1 

do 

Dom 

13 

do 

8  wind 

10  wind 

■'aoJoo' 

40.00 

166.00 

85.00 

do 

Dom;  st 

12 

do.... 

do 

do .. 

15 

Soft 

Wind 

do 

do 

13 

Hard 

Bope 

do  

do 

15 

do.-.. 

H^n<^. , 

15.00 

4.25 

do 

do 

12 

1 do 

Gas 

288.000  gallons 

Oood 

Streets 

20 

Soft 

Hi^nd 

4.25 
79.00 
10.00 

"4."26" 
4.25 

46.00 
52.00 

Dom;  st 

11 

do.... 

8  wind 

ao.oo 

40.00 
120.00 

do 

do 

8 

do.... 

Hand 

do 

do 

8 

.  ..do.... 

Bt^Mvm .      .   . 

120,000  gallons 

Good 

Winery 

11 

1     ..do.... 

Hand 

Dom;  st 

8 

.    do.-. 

do 

....  do 

do 

11 

Hard 

8  wind 

23.00 
28.60 

do 

do 

12 

Soft 

do 

do 

do 

11 

Hard 

Qas 

24, 000  gallons 

Good 

Irr;  dom 

9 

Soft 

Hand 

2a  00 

20.00 

5.00 
75.00 

*•  *.  ,     i«vrua 

Dom 

8 

do-... 

8wind 

do 

do 

8 

, do 

Hand 

do 

0*^01:       «t                  ,             r. 

8 

do.... 

do 

do 

.^To .-.....::. 

12 

...  do.... 

do 

28.00 
20.00 

5.00 
6.00 
4.25 
6.00 
5.00 

do 

do 

8 

...  do.... 

do 

.....do  --......- 

....  do 

8 

do.-.. 

do 

.....do..— 

do 

8 

do.... 

do 

do 

.do 

8 

do.... 

do 

do 

do 

13 

do.-.. 

do 

do 

do 

11 

do.... 

do 

20.00 
16.00 

4.00 
4.00 

.  ...do 

do 

14 

....do.-.- 

do 

do 

Dom  . 

15 

do.-.. 

do 

....do 

Dom;  st 

u 

do-... 

8  wind 

do 

do 

11 

....do-.. 

Hi»^nd 

6.00 
15.00 
45.00 

5.00 

4.00 
50.00 

4.00 

....do 

do 

14 

--.-do.... 

do 

do 

do 

10 

do-.. 

8wind 

do 

do 

8 

'    ...do.... 

Hand      . 

do 

do 

11 

Hard 

do 

do 

do - 

10 

1  Soft 

8wind 

do 

11 

do.... 

H^nd 

26.00 

Good 

do 

11 

^. do 

do 

do 

do 

11 

^Hard 

do 

4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
6.00 
4.25 
4.00 
65.00 
4.25 
126.00 
4.25 
8.00 
6.00 

do 

Dom - 

10 

I do.... 

do 

80.00 
80.00 

do 

Dom;  st 

8 

r.  ...do.... 

do 

do 

do 

..    do 

14 

iSoft 

do 

Dom 

do 

8 

L...do.... 

do 

40.00 

do 

10 

do.... 

do 

do 

do 

13 

Hard 

do 

do 

Stock  

13 

Soft 

do 

do 

Dom;  st 

11 

do  — 

....  do.. 

8  wind 

do 

do 

8 

do-.. 

do 

do 

12 

...do.... 

Hand         , ,. 

do 

....  do 

Dom 

Dom;  st....... 

16 

do.... 

12  wind 

86.00 
27.00 
80.00 
12.00 

15 

do-... 

Hand            

do 

Dom  . .  -T -,  .^-,  - 

18 

■    do.-. 

do .- ... 

do      

do 

16 

do 

do 

Dom;  st 

12 

Soft 

Rope - 

do 

do 

.do..-. 

do 

do 

do 

r'        ..do 

do... 

do.... 

do... 

do.... 

8  wind 

22.00 
29.00 

100.00 
4.25 
4.00 

Good 

Dom 

13 

Hand 

do 

do 

11 

..do 

do 

Dom;  st 

12 

8  wind - 

do 

do 

12 

Wind  

45.00' 

9.66 

do 

Dom 

8 
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[NO.  58. 


Wells  in  Kings  River  delta — Fresno, 


::3 


o 


919 
220 
221 
222 
223 
224 
225 
226 
227 
228 
^ 
230 
281 
232 
233 
234 
335 
236 
237 
238 
230 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
266 
257 
258 
250 
260 
261 
282 
263 
264 
265 
266 
267 
268 
260 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 


Owner  of  well. 


A.  B.  Butler 

Hughs  Blchler 

Fresno  Vineyard  Co. . 

J.Rogers 

Fred  Roedlng 

Bonner  Vineyard  Co. 

A.F.Albreoht 

Judge  Risley 

Fresno  Bank 

John  Crol 

M.J. Boeder 

Cora  Wickersham 

F.  P.  Wickersham 

Mr.  Burness 

Jno.Snyder 

Chas.  Lyman  estate . . 

R.W.Edmiston 

do 


Location. 


Eu  tner  School 

Victor  Marten. 

J.U.Hass 

Mr.Eeamey 

J.J.Luce 

Dr.  A.  E.  Small 

Andrew  Nelson  . . . 

Kearney  estate 

Dolph  Shields 

M.  Roller 

F.  M.  Bumham 

Maddison  School . . 

T.H.  Burgess 

W.W.Underhill.fc 

S.J.Walton 

Oscar  Carlson 

C.D.Smith 

Mrs.  H.  L.  Granger 
N.  H.  Fuglsang 


Balf  our,Qu  thrie&  Co . 

LewShowyer 

Mrs.  C.  B.  Lyman 

O.D.  Garrison 

E.  Tommasinl 

M.  Robison 

G.  C.  CheuTraut 

N.  Jansen 

J.Gowanlock 


Dickerson 

Mrs.  L.Walker 

Sonenaen 

John  Smith 

Bank 

Stevens  &  Harland. 

do 

Sacramento  Bank.. 

White 

Geo.  B.  Zigler 

David  Crawford 

McDonald 

Geo.  Magn 

Lone  Sav.  Bk.  Co . .. 

Lewis  Gibbons 

John  Walker 

Fred  Coleman 

Elisha  Harlon 

Lewis  Gobbi 

Ger.  Savings  Bk . . . . 

Wm.BuUard 

Chas.  S.  Pierce 

Capt .  Cuttle 

Mrs.  H.  Worswick.. 
Fred  Eaton 


T.  B. 

14  21 

14  21 

14  21 

14  21 

14  21 

14  21 

14  21 

14  22 

14  22 

14  22 

14  22 

14  22 

14  22 

14  22 

13  22 

13  22 

13  22 

13  22 

18  22 

13  22 

14  20 
14  20 
14  20 
14  19 
14  19 
14  19 
14  19 
14  19 
14  19 
14  19 
14  19 
14  19 
14  19 

13  19 

14  19 
14  19 
14  19 
14  19 
18  19 
18  19 
14  19 
14  19 
14  20 
14  20 
14  20 

14  30 

15  20 
15  20 
15  20 
15  20 
15  20 

15  20 

16  20 
15  20 

15  20 

16  20 
16  20 
16  20 
16  20 

16  20 

17  20 
17  20 
17  20 
17  20 
17  20 
17  30 
17  20 
17  19 
17  19 
17  20 
16  20 

16  19 

17  19 
16  19 


Year 
com- 
pleted. 


S. 

7 

6 

7 

8 

2 
11 

1 

6 

5 

9 

9 

3 

3 

3 
35 
34 
31 
30 
31 

:x) 

9 
16 

7 
12 
12 
11 
10 
14 
15 
10 
12 
15 
10 
34 

2 

2 

2 

2 
85 
36 

1  I 

1  ' 
21 
29 
32 
33 

5 

8  : 

9 

0  I 

9! 
15  I 
21 
34 
33 

3 
15 
16 
22 
33 

4 

5 

4 

6 

7 

8 
18 
13 
13 

6 
31 
36 

1 
34 


1880 


1887 
18a5 
1809 
1803 


1892 
1892 

1880 


1897 
1880 
1898 
1890 
1899 


1897 
1890 

'i886' 
1890 
1891 
1890 
1890 
1890 
1889 
1897 
1898 
1894 
1900 
1891 
1890 
1891 
1888 


1880 
1899 
1900 
1888 
1897 
1890 
1892 
1889 
1890 

'i886" 
1890 

1890' 


1890 

1899* 

1887 


1886 
1880 
1880 
1893 
1890 
1892 
1893 

1896' 
1880 
1890 
1892 


Class  of 
well. 


'i 

1 

» 

^ 

^ 

o 

o 

■4^ 

A 

A 

*» 

•*» 

P. 

P. 

& 

& 

VI 

o 

■*» 
Pi 


strata. 


LHp. 
CS... 
CS... 


LHpCSG. 
CLHpS  . 


L 

LHpCS. 
LHpCG 
SGC-.. 


HpCSG 
LHpC.. 


LHpSC 

CG 

LHpS  . . 
SCG.... 

S 

8 


LIPPINCOTT.] 
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Jhilare,  and  Kings  ecmn^ies^  Contiziiied. 


Quality-  of 
water. 

Method  of  lift. 

Ckwtof 
well. 

Gostol 
ma- 
chin 
ery. 

Supply. 

* 

Use  of  water. 

i 

Soft 

do...- 

HftTlil 

Good 

Dom;  st . ...  . 

8 

do 

$16.00 

94.25 

...do 

do 

11 

do.... 

Gas 

do 

do 

10 

do.... 

...do 

do 

do 

10 

do.... 

Uwind 

do 

Dom 

15 

do...- 

Horse 

100.00 
25.00 
25.00 

100.00 
4.00 
4.00 

....  do 

Dom;  St....  .     ..  .. 

12 

do.... 

Hard 

do.... 

Wind;  hand 

Hand 

do 

Dom 

11 

do 

Dom;  St.. 

10 

10 

Soft  

Hand 

56.00 
11.00 

4.66 
4.00 

Good 

do 

200  gallons 

Dom;  st.......  .... 

do... 

do 

Dom 

12 

Hard 

Soft 

M  wind 

Dom:  st 

12 

Hand 

4.00 
5  00 
4.00 
4.00 

250.00 

40.00 

4.00 

4.00 

200.00 

Go(xl 

do 

12 

do 

do 

20.00 
20.00 

Small 

Good 

do 

Hard 

do 

do.-... . 

9 

Soft 

do....| 

do... J 

do 

do 

Dom 

8 

8  wind 

36.00 
20.00 

.  ...do 

Dom;  St....... 

13 

Hand  ., . 

do 

Dom  . 

aw 

.  ...do.... 

do 

do 

Dom;  st 

do...., 

do....l 

do.... 

do--.. 

do.... 

do 

do 

do 

11 

8  wind 

do 

Dom 

17 

do 

do 

Donv"  **t    

8 

Hi^Tid 

4.00 

do 

do 

9 

do 

do 

do 

8 

do.... 

do 

4.00 

4.00 

4.00 

4.00 

66.00 

4.00 

88.00 

41.00 

11.00 

47.00 

4.00 

50.  W 

4.00 

11.00 

4.00 

4.00 

4.25 

270.00 

4.25 

26  00 

3.00 

4.00 

4.00 

4.00 

6.00 

4.  a) 

4.00 
4.00 
6.00 
1.00 
4.00 

....do 

Dom 

Dom;  st 

18 

do.... 

do 

25.00 
V ....  •  •. 

do .. 

do 

12 

Hard 

do 

do 

15 

do   _. 

do 

do 

....do 

12 

Alk 

Wind 

28.00 
29.00 
33.00 
20.00 

do 

do 

10 

Hard 

Hard;  alk 
Soft 

Hand 

8w1nd 

...  do 

Dom      -.,,...,   r    .  r  ,,,    . 

11 

do 

do 

...do 

Dom;  st 

13 

do 

n 

do__. 

Hl^nd    . , 

do 

do 

12 

do.... 

Horse 

38.00 
14.00 
42.00 
22.00 

do 

do 

11 

Alk 

H#nd          .     .      , 

do 

Dom 

14 

Soft 

8  wind 

do 

Dom;  st 

13 

Alk 

HAnd 

do 

. .  -do 

Dom 

Dom;  st 

20 

1 

1 

Hard 

do 

do 

8 

....  do 

do 

do 

Alk 

do 

do 

n 

Hard 

do 

do 

do 

do 

do 

do 

Dom 

10 

Alk 

8wind - 

60.00 
48.00 

12 

Soft 

do 

13 

Hard 

do.... 

TTand 

....  do 

Dom;  st 

20 

do 

do 

do 

20 

do.-.. 

do 

25.00 

do 

do 

26 

do.-.. 

do 

do 

do 

27 

!  Hard: alk 

do 

25.00 

do 

do 

37 

1  TTAfd 

Wind 

do 

do 

16 

Hard;  alk 

Hand  

...... . . 

do 

do 

89 

Hard 

do 

24.00 

do 

do 

26 

1 
1 

1 

...  do.... 

do:...:..: ::.: 

do 

.    .do 

:)3 

Alk 

do 

15.00 

do 

do 

35 

...do.... 

do 

do 

do 

8 

Hard 

do 

do 

do 

Alk 

Wind 

do 

do 

24 

do.... 

Wind;  hand 

do 

do 

%\ 

Hard 

Hand: 

4.00 

do 

....    .»^v»    ................ 

do 

11 

Soft 

Wind 

do 

Dom 

11 

do.... 

do 

66.00 

ii.oo 

4.00 

5.00 

10.00 

45.00 

25.00 

"i46:66 

4.00 
6.00 
4.00 

do 

Dom:  st 

9 

1  Hard 

Hand 

do 

do 

13 

-.  -do.... 

....do 

do 

do 

\^ 

Soft 

do 

do 

Dom 

15 

Hard 

8wind 

95.00 

do 

Dom:  st 

18 

Soft 

Hand      . 

Small 

Dom 

36 

do 

12  wind 

23.00 

70.00 

5.00 

4.00 

Good 

Dom;  st 

4:> 

do.... 

do 

do 

do 

do 

do 

do 

...do 

10 

Hard 

Hand 

...-do 

U 

1 do 

do. 

-...do 

2:) 

do.... 

-.-.  do 

do 

2i 

Soft 

Wind   

45.66' 

1 

-..  do 

12 

Hard 

14  wind 

do 

do 

35 

do.... 

Hand 

10  wind 

50.00 
51.00 

4.00 

Small 

Good 

do 

:{4 

do.... 

do 

Z\ 

IRB  58—02- 


-6 


64 


STORAGE    OF    WATER   ON   KINGS    RIVER,   OAL. 


[K0.5& 


Wells  in  Kings  River  ddta — Fresno, 


• 

% 

o 
6 

Owner  of  well. 

Location. 

T.   R.   S. 

16  19    34 
1ft    19    34 

17  19    10 
17    19    10 
16    19    25 
16    19    24 
16    20    20 
16    20    20 
16    20      7 
16    20      7 
15    19    36 
15    10    25 
15    19    13 
15    19    12 
14    19    36 
14    19    36 
14    20    30 
14    19    25 
14    19    15 
14    19    23 
14    19    27 
14    19    27 

14  19   34 

15  19    10 
15    19    10 
15    19    14 
15    19    14 

15  19    27 

16  19     3 
16    19     2 
16    19      1 
16    20     6 
15    20    31 
15    20    32 
15    20    26 
15    20    28 
15    20    36 

15  20    36 

16  21      6 
16    21      6 
16    20    13 
16    20    24 
16    20    25 
16    20    25 
16    21    31 
16    22    26 
16    22    27 
16    22    28 
14    20    15 
14    20    36 

14  20    36 

15  30      1 
15    20      1 
15    20    12 
14    20    36 
14    20    36 
14    20    35 
14    20    34 

14  20    34 

15  20     3 
15    20     3 
15    20    10 

15  20    10 

16  20    11 
15    20    14 
15    20    23 
15    20    26 

15  20    25 

16  21    19 

15  21    19 

16  21    20 

15  21    16 

16  21      9 
16    21      8 

Year 
com- 
pleted. 

Class  of 
well. 

1-4 

1 

o 

1 

a 

Feet. 
16 
14 

9 
10 
20 
18 
17 
16 
20 
14 
10 
13 

8 

8 

8 

8 

7 

6 

7 

8 

7 

8 

8 

9 
10 
10 
10 
16 
19 
194 
17 
12 
12 
15 
12 
12 
10 
12 
12 
12 
14 
12 
12 
10 
10 
15 
IS 
12 
10 

8 

8 

10* 
10 

8 

8 

8 

8 

8 

8 

m 

U 

1 

O 
p. 

Feet. 

38 
116 

91 

24 

6 

+32 

25 

Strata. 

m\ 

Mrs.  M.  J.  Hatch 

Mrs.  W.  M.  F.  Jenkins. 

Elkhom  School 

Mrs.  M.  J.  Hatch 

1880 
1886 
1886 
1884 

"i888" 

"i896'" 
1894 
1900 
1896 
1888 

"i88i' 
1887 
1887 
1890 
1890 
1890 
1891 

1887 
"1890" 

1885"' 

"1880  " 
1880 

1886' 

isoa"" 

1899 
1882 

"iws" 

1890 
1890 

"i885" 
1885 
1885 
1890 

"i88i'" 
1894 

i897"' 

"i895" 
1895 
1900 
1890 
1881 

B6 

I>et 

48 
180 
100 

84 

25 
+60 

42 

8 

284 

B 

295 

B6 

286 

B6 

CS 

287 

B6. 

288 

B5 

299 

O.  Kowser 

B5 

800 

Mrs.  M.  Sloan 

B 

801 

8.  F.  Bank 

B7 

+30 

+21 

96 

+10 

7 

26 

8nB2 

B5 

303 

8.  F.  Bank 

B6 

304 

John  Smith 

B5 

305 

John  Rottger 

B3 

1 

806 

C.  A.  Hager 

B 

---.--------. ..-..-.j 

307 

B.  Lt.  Ei>person 

B3 

60 
44 

+20 
70 

+86"" 
66 

52 
36 
13 
64 

8 , 

SLHp ....' 

S ' 

8 

808 
309 

R.  L.  Dunham 

G.J.  Smith 

BS 

B2 

810 

Mr.  Parker 

B2 

311 

B8 

B2 

B6 

812 

Herman  Boyce 

AngTiRt  Weye 

313 

73 
57 

LSC 

314 

Burley  Bros 

B7 

8 

315 

F.  Duhrlng 

B6 

316 

A.  Christian 

B2 

100 

91 

1 

317 

J.  W.  Creelman 

Mike  Andres 

B6 

318 

B2 

+84 
11 

^^ 

138 

68 

5 

48 

42 

8C 

8C 

319 

Gteo.  Keslang 

B2 

65 

+50 

30 

20 

+60 

150 

80 

20 

60 

64 

ilX) 

B6 

321 

B5 

, 

322 

Lonis  Montc^o 

A.  B.  Trautwein 

D.  W.  Smith 

B5 

a^ 

B5 

324 

B2 

3-i5 

B7 

8HpI_II" 

326 

B8. 

OU.1/ 1 

327 

G.  A.  Peii 

B2 

328 

C.  Nelson 

B2 

H29 

B6 

88r) 

B2 

331 

B.B.Haycroft 

0.  M.  Basmnssen 

Bank 

B6 

60 

38 

332 

• 

333 

B 

' 

334 

Wm.  Gibson 

J.H  Hudson 

B6 

26 

60 
20+ 

14 

48 
10+ 

SLHp 

3a5 

B6 

33ft 

B5 

337 

Wm.  Gibson 

Levi  Garret 

Cemetery 

B5 

1 

33H 

B8 

B6 

' 

339 

1 

340 

C.H.  Van  Horn 

Mrfl.  S.  M.  Smith 

F.Bnrnham 

B5 

82 
90 
60 

70 
80 
42 

SHpC 

341 

B2 

8-.^:...:: 

342 

B6 

8HpC 

343 

H.U.Carver 

B2 

344 

B6 

345 

B2 

. 

346 

J. F.Ward 

B2  

90 
94 

82 
86 

;U7 

Fresno  Nat.  Bk 

Y.Maglio 

B2 

SHpL 

848 

B2 

349 

J.  F.  Cartrlght 

Geo.  A .  Coughell 

Henry  Brooks 

Jacob  Fisher 

B2 

350 

B2 

1 

351 

B2 

40+ 

80 

83 

32+ 

sHp -i::::: 

8 

CS 

352 

B2 

853 

B6 

9 

10 

10 

8 

8 

8 

12 

10 

(•) 
10 

74 

"  66  " 
43 
12 

'48* 

354 

Gus.  Johanson 

N.M.Nelson 

B2 

8 

av> 

B2 

76 
51 
20 

a56 

A-  Buckland 

B6 

8Hp ii:::~' 

8... 

357 

S.Nelson 

Dr2 

358 

Bl 

359 

Philip  Koekler 

Sohoolhonse 

B2 

"w" 

360 

B2 

;«i 

Dexter  <^  Payne 

CB.Soott 

Bii'.'.'.V.'.'.'.'. 

(•) 

(•) 

362 

363 

B2 

60 
48 
60 
60 

*m 

W.A.Mills 

B5 

14 
11 
10 

34 
49 
50 

8 

365 

Mo.  Vineyard  Co 

S.J.(ioree 

B4 

s!:::::::  ::::::■  . 

366 

B4 

»  Swale  water  10  feet  below. 
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Tulare,  and  Kings  counties— Continued. 


Quality  of 
water. 

Method  of  lift. 

Cost  of 

well. 

Ckxitof 

ma* 

chin- 

ery. 

Supply. 

Use  of  water. 

i 

3 

Hard 

do.... 

do.... 

1 
12  wind 

Good 

do 

Dom - 

8 

Hand       ...     

$4.00 

Dom;  St.. 

8 

do 

do 

IV>m 

11 

do 

12  wind 

180.00 
25.00 

do 

Dom;  st 

36 

Hand 

5.00 
5.00 
5.00 

do, 

do 

do 

do 

TTArd 

do 

(Jood 

do 

11 

Hard:alk. 
Soft 

Wind 

do 

do 

18 

16  wind 

do 

Dom 

11 

Hand 

4.00 

do 

Dom;  st 

10 

0 

Hard 

do.... 

Hand     

Good 

Dom;  st 

11 

do 

4.00 
4.00 
4.00 
4.00 
4.00 
4.00 

do 

do 

do...- 

do - -I_     J 

do 

do 

8 

Soft 

do 

24.00 
19.00 

do 

Dom 

16 

do.-.. 

do 

do 

Dom;  st 

do 

16 

do... 

do..- 

...  do  

do 

28 

do 

do 

do 

12 

Hard 

Soft 

do.... 

do.... 

Hard 

Soft 

Alk 

do.—. 

12  wind 

do 

do 

15 

Hfrnd 

4.00 

120.00 

60.00 

4.00 
95.00 

do 

do 

18 

Horse;  wind 

Swind 

60.00 
43.00 

do 

do 

14 

do 

do 

16 

Hand 

do 

do 

Dom 

16 

14  wind 

Hand 

40.00 

Dom;  st 

28 

do 

do 

37 

do 

Small 

do :.. 

20 

F<^r<i 

do 

25.00 

4.00 

Good.... 

do 

20 

do.... 

do 

do 

do 

f^rnfin 

do 

Soft 

Good 

do 

do.-.. 

do.     . 

do 

do. 

Hard 

do.... 

do.... 

Soft 

Swind 

35.00 

do 

do 

8 

10  oentrif ngal 

TlAnd 

100.00 

do 

0 

5.00 
47*60 
4.00 
5.00 
4.00 
4.00 
4.00 

do 

Dom;  st 

10  wind 

24.00 
22.00 

do 

do 

18 

Hand 

do 

do 

10 

do 

do 

do 

16 

do 

do 

do 

11 

do 

62.00 

do 

do 

16 

do. 

do 

do 

do 

26 

do.... 

do.  .. 

.  do.... 

Wind 

do 

do 

11 

Hand  .    ,  . 

26.00 

4.00 
4.00 
4.00 

do 

Dom 

8 

do 

do 

do 4-.... 

20 

do.... 

do.  . 

do 

do 

Dom;  st 

8wlnd 

do 

Stock 

Wind 

do 

Dom;  st 

18 

Alt 

do 

do 

Irr 

11 

Soft 

do.... 

..  do.... 

10  wind 

41.00 
36.00 

do 

Dom;  st 

do 

11 

Hand            

4.00 
4.00 
5.00 
4.00 
4.00 
4.00 
72.00 
4.00 
4.00 

do 

do 

do 

do 

12 

...do.... 

do 

do 

do 

14 

:....do.... 

do.  ... 

Hard 

.  do.-— —.--.- 

do  J 

do 

13 

.    ,  do 

do 

do 

13 

do 

36.00 
87.00 

....  do 

do 

8 

Alk 

Soft 

Wind 

do 

do 

....do 

10 

do 

9 

do 

do 

Dom 

Wind 

do 

Dom;  st 

11 

Soft 

Hand r. 

4.00 
4.00 
115.00 
4.00 
4.00 
4.0U 
4.00 
8.00 
46.00 
4.00 

do 

do  

do 

14 

.  ...do  

32.00 
70.00 

do 

19 

'Softlllil. 

do.... 

do..- 

do 

do..- 

do.... 

do.  .. 

do.-. 

12  wind 

do 

do 

14 

Hand , . 

do 

do 

9 

do 

do 

do 

19 

.     .  do 

46.00 
8.00 

do  

do 

12 

do 

do 

do 

8 

do 

do 

do 

15 

do 

25.00 

do 

do 

10 

...  do.............. 

do 

do 

11 

Soft 

do.... 

Hard 

Wind;  hand 

Good 

Dom;  st 

16 

Hand ..».,,. 

26.00 
80.00 
30.00 
24.00 

4.00 

4.00 

11.00 

1.00 

do 

do 

14 

..  do 

do 

do 

11 

Soft 

..    do 

do 

do.—. 

11 

do.— 

--idoi:::::  :::::::; 

do 

do 

U 
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[NO.  58. 


Wells  in  Kings  River  delta — Fresno, 


^ 
^ 


o 


867 
868 
969 
370 
371 
872 
873 
874 
875 
876 
377 
378 
37» 
880 
881 
382 
883 
884 
886 
886 
887 
888 
389 
390 
301 
382 
393 
394 
395 
896 
897 
398 
399 
400 
401 
402 
403 
404 
405 
406 
407 
408 
400 
410 
411 
412 
413 
414 
415 
416 
417 
418 

419 

420 

421 
422 
423 
424 
42o 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 


Owner  of  well. 


John  Morsan... 

L.A.Goald 

T.H.Mallory.. 
W.A.White... 

H.Boff 

do 

Richard  White 
Gtoo.  B.  Rowell. 

Robt.Boot 

A.J.  Bady 


Location. 


A.A.Smith 

H.  M.Eddy 

R.E.Oliver 

WylieM.GIflfen.... 

do 

J.M.Pngh 

W.O.Edgerly 

Wm.DoBdon 

J.A.T.Peteraon.... 
Mrs.  C.  A.  Hammer. 

S.J.Pelton 

Mr.Wilker 

J.C.Bell.- 

Escbol  School 

J.W.Ryce 

Sacramento  Bk 

do 

do 

Laff  ana  de  Tach — 

S.P.Co 

Mrs.  M.  A.  Ck>wan. .. 

John  Clark 

Larse  Anderson.... 


W.T.Prather. 
A.J.Allen  — 
T.C.Clayton.. 


P.-C 

P.  P.  Wall. 
A.  Proctor 


T. 
14 
14 
14 
14 
14 
14 
14 
15 
L5 
15 
14 
14 
14 
15 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
16 
16 
16 
17 
17 
17 
16 
16 
16 
16 
16 
16 
16 
16 
15 
15 
15 
15 
15 
15 
15 


Charley  Woods 

Ben  Swanaon 

A.  T.  Wilkinson 15 

14 

8.A.Tyler 14 

A.Half 14 

Chas.  Prenss 14 

Fresno  L.  and  S.  Bk . .    14 
Estrella  de  Ora  Dry-  :  14 

ing  Co.  I 

St.  George  Vineyard .   14 

M.E.Sherman 


14 
14 
14 
14 
15 
15 
A.R.Brown '  15 


Lone  Star  School. 

A.  C.  Punch 

A.Malter 


W.  R.  Shannon 

A.Harris 

Mrs.  C.  E.  Gower 

M.Leeper 

W.  J.  Zimmerman  — 
Presno  L.  and  S.  Bk.. 

J.  B.  Galbreath 

J.C.  Long 

LenLbang 

H.  A.  Roes 


15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 


21 
21 


3 
2 


21  12 

21  11 

21  13 

21  24 

22  7 
22  18 
22  19 
22  30 
22  29 
22  32 

21  36 

22  32 
22  4 
22  4 
22  3 
22  36 

22  28 

22  21 

22  20 

22  17 

22  10 

22  3 

22  33 

22  27 

22  22 

23  22 
22  20 
22  9 
22  9 
22  5 
22  29 
22  32 
22  80 
22  19 
20  14 

20  13 

21  17 
14    21  17 


Year 
com- 
pleted. 


R.  S. 

20  16 

20  16  ' 

20  21 

20  27 

20  27 

20  88 

20  33 

20  3 

20  2 

20  2 

21  31 
21  32 
21  88 


21  21 

21  22 

21  22 

21  27 

21  10 

21  9 

21  10 

21  14 

21  23 

21  27 

21  34 

21  34 

21  34 

21  28 

21  28 

21  15  ! 

21  2  I 

21  2-3  I 


1890 
1890 
1900 
1900 
1897 
1880 
1884 
1881 
1880 
1898 


1880 
1882 
1880 
1894 

"i888" 
1888 


1880 
\9^ 
1886 
1875 
1875 
1888 
1895 
1801 
1895 

1888" 


1880 
1870 
1893 


1894 


1885 
1890 
1889 


1900 
1880 
1892 
1880 
1891 


1899 


1807 
1895 
1894 


1900 
1890 
1881 
1894 
1887 
1899 
1888 


1892 
1899 
1898 


Class  of 
well. 


B2.. 
B2... 
B2.. 
fi2.. 
B2.. 
B8... 
B8.. 
B8... 
B6... 
B2... 
B2... 
B2... 
B2.. 
B5... 
B5.. 
B... 
B5.. 
B«.., 
!  B2... 
B5... 
B5.. 
B5.. 
B... 
B5.. 
B2.  . 
B5  . 
B5.. 
B5... 
B5... 
B5.. 
B3... 
B2... 

a5.. 

B5.. 

BU.. 

B6... 

B5.. 

B5.. 

B... 

B  -. 

BU. 

B2.- 

B2... 

B5.. 

B2-. 

DrU 


B8 
B8 
B5 
B6 
B2 


( 


B8  

(2  wells) 

B6 

B8 

B2 

B2 

B2 

B2    


B5 
B5 
B5 
B5 
B2 
B6 
B5 
B6 
B. 
B. 
B5 


^ 

* 


5 

Qi 


Feet 


80 
60 
57 
80 
90 
62 
04 
90 
76 


65 
28 


42 

eo' 


40 
86 


54 
45 

106 
85 
SO 
50 

107 
50 


60 


90 
102 


60 


30 


38 
65 
75 


40 
120 


60 
80 


54 

52 
100+ 

85 

60 

28 
100+ 


80 
00 
60 

(•) 


I 

S 

& 


F^et. 
16 

7 
10 
10 
10 

9 

6 
10 
12 
11 
10 
12 

9 
16 
12* 
20 
12 
11 
15 
13 
12 
10 
12 

9 


10 

10 

10 

15 

12 

20 

15 

14 

21 

13 

15 

16 

15 

15 

161 

17 

13 

17 

18 

16 

18 

15 
14 
12 

8 

5 

10 

10 

18 
12 
12 
12 
10 

C) 
12 
11 
14 
14 
14 
12 
12 
14 
12 
15 
12 
(•) 


.a 
S' 


Feet. 


78 

50 
47 
70 
81 
46 
84 
78 
64 


66 
13 


80 


45 


08 
76 


41 


96 
25 
40 
85 
05 
30 


30 


74 
87 


43 


12 


26 
67 
70 


48 
68 


Strata. 


SHp.... 
CHpSC 
S 


8CG. 
S.... 

es- 
se... 


sc. 

8.. 


BCHp 
SCHp 
SHpil 


S.. 
CS. 
LS 
S.. 


HpS 

S— . 


SHp. 


SHpC 
SCHp 
S 


SHp. 


SCHp 


SOGHp 


.1. 


HpGS 

S 

CS... 


1?0     }^HP 


41 

86+ 

71 

46 

16 

88+ 


68 
75 

48 

r) 


8G 

SC 


C8  ... 
CSHp 
HpS.. 
SHpC 
SHpC 
8L  ... 


SHp. 


SG 


»  plough  water  15  feet  belpw. 


^  Swale  water  10  feet  belPW. 


rjPPIWCOTT.l 
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Tulare^  and  Kings  counties — Oontiniied. 


Quality  of 
water. 

Method  of  lift 

Cost  of 
welL 

Ck)6tof 
ma- 
chin- 
ery. 

Snpply. 

.  Use  of  water. 

i 

Soft 

do.... 

do.... 

Hand 

14.00 
150.00 
900.00 

45.00 
4.00 

Good 

Dom;  st 

12 

Wind 

$40.00 

28.00 

225.00 

as.  00 

80.00 
60.00 
94.00 
90.00 

do 

do 

18 

8wind 

do 

Dom 

19 

do 

do 

Dom;  st  - .... 

73 

Soft 

Hard 

Hand 

do 

do 

15 

do 

do 

16 

Hand 

4.00 

do 

do 

g 

Soft....".. 

Hard 

Soft 

Wind 

do 

do 

18 

Hand  .... 

4.00 

do 

do 

16 

do 

do 

do 

12 

do.... 

do 

4.00 

do 

....  do 

21 

Hard 

Soft 

do... 

do 

Tarbine ,.. 

do 

Dom 

Dom;  st 

15 

B^r\^        ...     .. 

66.66 
21.00 

25.00 
4.00 
5.00 

do 

11 

do 

do 

do 

do 

16 

do 

do 

12 

H^d                        An 

do 

do 

27 

Soft 

do.... 

do... 

.  ...do.... 

Wind 

26.00 

14.00 
4.00 
40.00 
12.00 
12.00 

do 

do 

19 

Hatii^ 

do 

do 

26 

8wind 

Hand           .        ..,, 

27.00 

do 

do 

11 

do 

do 

do 

40.00 

do 

do 

11 

Hard 

do.-.. 

....do 

do 

do 

24 

do 

4.00 

do 

do 

do 

23 

10  wind 

SO.  00 
18.00 
96.00 
85.00 

Stock 

21 

Soft 

Hftrd   . ,   . 

Hand 

4.00 
4.00 
4.00 
4.00 
5.00 
4.00 
4.00 
4.00 
4.00 
4.00 
4.00 
68.00 
60.00 

'"'4.66' 

do 

Dom 

9 

do 

do 

Dom;  st 

Soft;  alk . 
Hard 

do 

do  

do 

10 

do 

do 

Dom 

23 

Soft 

do 

37.00 

do 

Dom;  st 

90 

do.... 

do 

'do 

Small 

Dom 

8 

Alk 

do 

Dom;  st 

8 

Soft 

do 

Good 

do 

8 

do.... 

do 

do 

do 

14 

do.... 

do 

90.00 

do 

do 

14 

Soft 

do.... 

do.... 

Hand 

Good 

Dom;  st 

13 

8  wind 

do 

do 

9 

do 

90.00 
51.00 

.do ._.. 

do 

10 

do.... 

do.... 

Hand      , . . , 

do 

Dom 

9 

do 

do 

Dom;  st 

19 

do.... 

do 

do 

....  do 

16 

do.... 

do 

do 

do 

19 

do.... 

do.... 

do 

4.00 
4.00 
4.00 

do 

do 

1        12 

do 

do 

do 

1 

do..-. 

do 

do 

do 

14 

Hard 

Soft 

Wind 

do 

do 

20 

do 

15.00 

40.00 

do 

do 

12 

Soft 

do.... 

do.... 

Wind 

Good 

Dom;  st. ....... ... 

15 

Hanfl  . .     , 

4.00 
80.00 

do 

do 

8 

do 

10.00 
65.00 

do 

do 

11 

do.... 

do-.. 

do.... 

Wind 

do 

do 

9 

Hand  .....     .. 

do 

Dom  ......  

12 

do 

6.00 

1,900.00 

5.00 
4.00 
5.00 

do 

Dom;  st _ 

12 

do..-. 

.  ...do.... 

Bteam 

206.00 

1,292,693  gallons... 
Good 

Irr 

9 

Hand   , 

Dom;  St.- 

15 

do.... 

do 

24.00 
25.00 

do 

do 

19 

do 

do 

do 

do 

15 

do.... 

do... 

8  wind 

do 

do 

10 

Hand    .  . . , 

do 

do 

12 

;  Soft 

' do.... 

do..-. 

1  Wind 

90.00 
26.00 
76.00 
76.00 
40.00 
17.00 

4.00 
11.00 
11.00 

Good 

Dom;  st 

16 

Hand 

do 

do 

12 

do 

do 

do 

12 

do.... 

do.... 

Hard 

10  wind 

do 

do 

9 

8wind 

117.50 
a2S 
9.25 

do 

Dom 

9 

Hand 

...do 

Dom;  st 

9 

do 

do 

do 

14 

Soft 

....do..,. 

Wind 

do 

do 

8 

do 

60.00 

100.00 

...do 

do 

17 

do 

do 

Dom 

12 

TTfLrrl 

Hand     .    , ., 

45.00 

4.00 

do 

Dom;  st 

29 

'-.-...  ...-•*  ...•••••■* 



'  Swale  water  15  feet  below. 
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[K0.5& 


Wdls  in  Kings  River  ddta — Fresno, 


o 


498 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
460 
451 
462 
453 
464 
455 
466 
457 
468 
460 
400 
461 
462 
468 
464 
465 
466 
467 
468 
460 
470 
471 
472 
iT3 
474 
476 
476 
477 
478 

479 ; 

480  I 

481 

482 

48:) 

484 
485 

486 

487 

4Kri 

489 

490 

491 

492 

49(5 

494  ' 

485  ' 

496 

497 

498 

499 

500 

501 

602 

500 

504 

505 

500 
507 

508 
GOO 


Owner  of  well. 


M.Wash 

M.J.  Driver 

E.F.Ball 

T.-I 

Mrs.  F.  C.  Ketchom. 
C.N.Brenenfeld.... 
Jae.  Ratheford  . .... 

l.D.Qarrison 

J.W.Scott 

E.  R.Bates.. 

J.U.LaRa 

JohnOed 

W.H.  Martin 


Location. 


T. 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
15 
15 
16 
16 
15 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
Id 
lU 
16 
16 
16 
16 

T.G.  Martin 16 

WillPickHrd 


Mrs.  J.  J.  Owen 

D.W.  Butler 

Dr.  A.  D.  Wilson.- 

F.Lemon 

Mr.Soott 

T.M.Boyd..  

Geo.  West  &  Hon... 

Mr8.L.  Vance 

C.T.Pierson 

S.Y.Gordon 

J.C.Hinkle 

D.Shlflet 

T.  K.Plnerty 

H.  Craven 


Harry  Weher 

Sacramento  Bank . . 

H.  MaflTuire 

David  Heishie 

J.J.D.Barish 

J.G.Bomett 


Roza  Breiza 
Lee  Bnrton. 
Martin  Elder. 


C.S.Campbell.... 
Sacramento  Bank 
Jno.  H.  Hoffman . . 
C.E.Roberts 


16 
16 
16 
16 
16 
16 

15 

Mr.Vogel 16 

EdwinBuUock 14 

P.G.  J.Schmidt 14 

16 

P.H.  Mills 15 

16 

J.V.Lamore 16 

J.  B.  Perrin  . 
T.  B.  Elliott 


( 

I  ■ 


Mr.  Madden 
Jno.  K.  Kennedy . 


15 
16 

Chaa.K.Kirby 16 

-      15 

15 
15 
15 
16 
16 
15 
Robt.E.Hall '16 

16 


Harland  &  Stevens 
Thoe.  Hansen 


Sacramento  Bank 

Terrv  School 

Mr.  Johnson 

Jno.  Reynolds 


{■ 


16 
16 
16 
16 


B.  S. 

21  35 

21  27 

20  22 

20  14 

20  14 

20  13 

21  20 
21  21 
21  28 
21  29 
21  19 
21  32 
21  83 
21  26 

21  86 

22  31 
22  81 
21  12 
21  13 

21  13 

22  17 
22  29 
22  31 
22  6 
22  7 
21  11 
21  10 
21  4 
21  9 
21  7^ 
21  18 
21  18 
21  19 
21  20 
21  20 
21  80 
21  81 
21  29 
21  28 
21  86 
21  26 
21  86 
21  24 
21  24 
21  12 


21 
21 


21 


Year 
com- 
pleted. 


1883 
1883 


1890 
1885 
1891 


1887 
1880 
1886 
1885 
1880 


1898 
1898 


1 
1 
35 
36 
21  35 
20  25 

20  23 

21  6 
21  5 
21  7 
21  18 

20  12 

21  18 
21  18 
21  29 
21  80 
21  30 
21  31 
21  6 
21  5 
21  32 
21   4 

4-,'> 
W.l 
21  8 
21  10 
21  10 
21  14 


1881 
1900 
1886 
1890 
1882 
1890 
1880 
1885 
1884 


1890 


1888 
1894 
1880 


1880 
1896 
1899 
1882 


}- 


1882 
1880 
1894 

18S8 


1899 
1896 


1880 


1885 
1882 
1880 
1882 
1885 
1894 


1885 
i893' 


21 


I  1890 

:}■ 


1892 


1892 


Class  of 
welL 


B2 
B5 
B7 
B6 
B. 
B2 
B2 
B2 
B2 
B2 
B2 
B5 
B. 
B2 


B5.. 
B5.. 
B5.. 
B6.. 
B  .. 
B5.. 
B8.. 
B6.. 
B2.. 
B6.. 
B5.. 
B5.. 
B6.. 
B5.. 


DrU 

B6... 

B5... 

B6... 

Dr*.. 

B4... 

B6... 

B6-.. 

B4... 

B8... 

BIO.. 

B6... 

B5... 

B6... 

B5... 

B6.-. 

B6... 


i  by  A  mi. 

B2 

B 

B2 


B5 


B2 
B5 
B2 
B5 
B5 
B6 


B5 
B5 
B5 


B5 
B5 
B5 
B5 


=3 


5 

5 


84 


40 
86 


60 

80 

100 


60 
82 
60 


60 


60 
120 

76 

80 
108 

40 


80 
60 

12 
80 


16 
25 
20 


70 
62 
60 


60 
75 
36 
60 

(•) 


70 
40 

(*) 


100 
96 

(«) 


(*) 


100 

(•) 


60 


S 

s 

A 
•*» 

Pi 

& 


Feet 
16 
18 
16 
18 
12 
12 

9 

9 

8 

t 
10 

8 
10 
14 

a* 

13 
15 
18 
16 
15* 
12 
10 
8 
12 
16 
14 

(»») 

10 

10 

8 

8* 
8 

r 

15 
10 
10 

8 

8 
10 
10 

9 
12 
12 
14 

(•) 

16 
12 
10 

(') 
13 

13 
12 
12 
12 
13 
•) 

(*) 
14 


V 


\' 


(•) 

20 

10 

10 

9 


u 

I 


Feet. 
18 


25 


48 

n 

91 


strata. 


63 
72 
42 


47 
104 

68 
96 
32 


64 
86 

20 


3 

18 

6 


60 
44 
42 


51 
63 
23 
46 

(•) 


68 
30 


48 
9 


88 
88 


(«) 


(•) 
86 

(•) 


61 


LHpSC 


SCHp 
CHpS 

8 

8 


BC. 


8C.... 
SHpC 


LSC. 
SCHp 
8 


SHpC 
8CHp 

S 

SCHp 
S 


s.. 

8.. 

8. 

8.. 

8.. 

SC 

8.. 


SCHp.. 
LHpSC 


SCHp 
SCHp 

8 

SCHp 


SCHp 


SHp... 
SLHp 


SHp. 


HpCS 


SCHp 


*  Swale  water  12  feet  below. 


^  Swale  water  15  feet  below. 


lilFPINOOTT.] 
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Tulare,  aiid  Kings  eountiei — Gontiiiaed. 


QnaUtyof 
water. 

Method  of  lift. 

Coat  of 

well. 

Coat  of 
ma^ 
chin- 
ery. 

Supply. 

Use  of  water. 

In 

& 

3 

Soft 

do.... 

Hand               

Gkx)d 

Dom ;  st 

do - 

$4.00 
12.00 

do 

do 

12 

do..- 

do ..::..:.. 

do 

do 

13 

do.... 

do.... 

do.... 

Wind 

do 

do 

18 

Hand, ., 

4.00 
4.00 
6.00 
8.00 
4.00 
8.00 
250.00 
76.00 

do 

do 

12 

do 

$24.00 
25.00 
40.00 

do 

do 

8 

do.... 

do 

do ... 

do 

0 

Hi^rd 

do 

do  

Dom 

Dom:  St 

do 

11 

Soft 

do 

do  

16 

do.... 

do 

24.00 

do 

18 

do.... 

do.... 

do.... 

Swind 

..  -.do 

do 

do 

do 

16 

10  wind 

40.00 

19 

.  ..  do 

...    do 

18 

Hand       .       .... 

8.26 

do 

do 

15 

, 

t  Ri^rd 

Wind 

26.00 
23.00 

"a.  26" 

Qood 

Dom;  st 

do 

16 

Hand 

Wind 

do 

21 

!  Ti»^ 

....  do 

....  do 

24 

Soft 

do.... 

H^nd 

..\ 

do 

...  .do 

10 

do 

4.00 
U.00 

a26 

12.00 

....  do 

.  ...do 

16 

do.... 

do 

00.00 
132.00 

do 

do 

do  — 

Ht^wm 

120,000  gaUons 

Good..:. 

Winery 

Dom;  st 

8 

Hand 

15 

do 

do 

do 

26 

Soft 

....  do 

86.00 

do 

do 

10 

do...- 

do 

do 

11 

do.... 

do.... 

do.... 

Hand 

do 

do 

14 

Hand    

80.00 
26.00 

8.25 
8.25 

do 

do 

12 

do 

...  .do 

do 

10 

Soft:  alk. 
Hard 

H^nd      

8.26 
8.26 
6.00 

Good 

Dom;  st 

89 

do 

do 

10 

do.... 

Soft 

Horse 

Good 

do 

26 

Small 

Good 

do 

Dom 

Hard 

Soft 

Hand 

4.00 

8.26 

4.00 
6.0(1 
8.25 
8.00 
436.00 
436.00 
3.00 
4.00 

Dom;  st 

Dom 

8 

do 

13 

Hard 

do 

Small 

Qooi 

Dom;  St.... 

16 

Alk 

Soft 

Hard 

Soft 

Wind 

do 

26 

Hand 

40.00 
62.00 
42.00 

do 

do 

8 

Steam 

328, 158  gallons  .  ... 

323, 1.58  gallons 

Small 

Irr 

do 

84 

....  do 

10 

Hard 

Soft 

do.... 

Hand 

Dom;  st 

12 

Wind 

Good     .  . 

do 

m 

do 

do 

do 

12 

Soft;  alk . 
Soft 

Hand 

3.50 
4.00 
8.50 

.  ...do 

do 

10 

do 

20.00 

do 

do 

15 

do.... 

do 

....do 

do 

18 

Soft 

do.... 

do.... 

Hand 

3.25 

36.00 

8.25 

Qood 

Dom;  st 

8 

Swind 

do 

do 

do 

11 

n&nd         . 

20.00 

do 

15 

Hard 

Hand 

3.26 

Good 

Dom;  st 

20 

Soft 

do.... 

do.... 

do.... 

do.... 

Hard 

Hand 

26.00 

8.23 

45.00 
3.00 

Good 

Dojii;  Bt 

do 

12 

8  wind 

do 

10 

Hand 

...  do 

do 

20 

16  wind 

do 

do 

15 

Wind 

70.00 
3.25 

...  .do     

do 

14 

Hand 

67.00 

do 

do 

28 

Soft 

Hand    ...  

4.00 

Good   

Dom;  st 

11 

Soft 

Hand      

3.25 

Good 

Dom;  st 

4 

Soft 

Swind 

49.00 

Good 

Dom;  st _ 

11 

Hard 

Soft  

Wind 

Good 

Dom;  st 

80 

Hand 

do 

3.25 
3.00 
3.25 

do 

do 

16 

do 

do 

....do 

14 

'Hard 

do 

...do 

24 

«Bwale  water  14  feet  below. 


<i  Swale  water  13  feet  below. 
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<5 


510 
511 
51:; 
513 
514 
515 
516 
617 
518 
519 
6S0 
621 
522 
623 
524 
525 
626 
627 
628 
629 
530 
6B1 
632 
53!) 
534 
585 
636 
637 
538 
539 
640 
641 
542 
543 
544 
645 
646 
647 
548 
649 
650 
551 
552 
563 
664 
555 
566 
657 
558 
560 
5t}0 
561 
562 
563 
564 
565 
566 
567 
568 
560 
570 
571 
572 
573 
574 
575 
576 
577 
578 
679 
580 
681 


Owner  of  well. 


J.D.Griffey 
J.  Hamilton. 


Central  School . . 

Dick  Butler 

E.B.Holton 

Mrs.  M.  L.  Viere 
J.F.Crowder. .. 

D.Patton 

J.B.Fontaine... 


Percy  Fowler. 
Sam  L.Hoinie 
Od... 


Prof.  Healc 


Prof.Heald  andHeley 

Gust  Almgrren 

Gost  Stromberg 

M.E.Stanton 

Jno.Holnberg 

T.L.Beed 

do 

BarrisBroB 

S.T.Curtea 

A.  Winters 

Mrs.A.R.Orr 

Mr.  Dittman 

J.  W.  Roberts 


Mrs.A.R.Orr 

K.Gregory 

L.  Pederson 

Cal.F.&L.Co 

J.S.Jones 

R.  M.Wilson 

J.T.  Mance 

Ger.  L.&3.  Bank.... 

A.  L.  Holmes 

Pnrington 

JoeHousley 

T.  H.  Harden 

P.  Legure 

Fink  School 

San  Francisco  Bank. 

Fisher 

Frank  South 

F.Fisher 

Victor  Franzon 

Qosliner  Broe 

do 

Sacramento  Bank ... 

Sweets  Place 

Mr.  Martinez 

Mrs.  Merrit 

Alta  District 

Jake  Eppinger 

Mrs.J.  D.Reese 

S.W.Lewis 

N.L.  Durgin 

W.H.Spitler 

C.GraTani 

Fruit  vale  estate 

I.e.  Barman 

Mat.  Asmussen 

J.  C.  Appley 

John  Condon 


Location. 


Geo.  P.  Thornton 

Mrs.  G.  F.  Thornton . 
(On  county  road)  . .. 
Burley  Bros.  &  Mc- 
Neil. 


T. 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
15 
16 
15 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
16 
16 
16 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 


a  B. 

21  14 

21  13 

21  24 

21  28 

21  26 

21  22 

21  28 

21  15 

21  24 

22  9 
22  4 
22  3-101 
22  3 

22  12 

23  7 
23  8 
23  6 
23  33 
23  4 
23  32 
23  83 
23  2S 
23  27 
23  26 
23  85 
23  13 
23  12 


24 
24 
24 
24 
24 


7 
8 

O 

4 

5 


Year 
com- 
pleted. 


24  33 

24  29 

24  19 

24  19 

24  18 

23  13 

23  24 

23  24 

23  27 

23  15 

23  15  , 

23  10  ' 

23  11 

23  14 

23  14 

23  12 

23  12 

24  6 
24  7 
24  6 
24  32 
24  33 
24  29 
24  30 
23  26 
23  9 
22  14 

22  22 

22  17 

19  8 

19  18 

18  12 

18  14 

18  26 

18  28 

19  30 
19  29 
19  28 
19  22 


1809 


1888 
1882 
1882 
1894 
1880 
1898 


1880 
1885 
1880 


1897 


1899 
1888 
1889 
1889 
1889 


1896 
1890 


1900 


1887 
1900 


1891 


1888 

'l890" 
1800 
1885 
1885 
1900 


1881 
"i886" 


1886 
1886 

im 

1899 
1808 
1890 


1898 
1894 
1808 
1881 
1894 
1804 


1893 
1893 


Class  of 
well. 


B5.. 
Dr2. 


B6 
B6 
B5 
B5 
B6 
B6 
B5 


B5.. 

B6.. 

B5.. 

B5.. 

B6.. 

B5.. 

B8.. 

B5.. 

B6.. 

B5.. 

B8. 

B6.. 

B5.. 

D86. 

B5.. 

B... 

B5.. 

B8.. 

B... 

B5.. 

B5.. 

B5.. 

B8.. 

B7.. 

B6.. 

B5.. 

B5.. 

B6.. 

B6.. 

B8.. 

B5.. 

B6.. 

B5.. 

B5.. 

B5.. 

B8-. 

B5.. 

B... 

B7.. 

B7.. 

B6.. 

B5.. 

B8.. 

B5.. 

B8.. 

D... 

B12. 

Dr2. 

B5  . 

B2.. 

B2.. 

5i*- 

B2.. 
B2.. 
B2.. 
B2.. 
B2.. 
B3.. 
B7.. 
B2.. 


5 

I 


Ftet. 
(•) 


22 


30 
80 


M 

100 

62 

(•) 


86 
62 
83 


76 


12 

80 


70 
60 


84 
76 
50 


84 
15 

68 
88 


71 

84 

86 

100 


80 
25 


80 


80 
30 


97 
40 
100 
90 
18 
48 


26 


80 
85 
70 


21 
80 
90 


I 


5 


Feet. 

(•) 

12 

10 

iM 

10 

11 

7 

9 

10 

11 

10 

'II 

11 
12 
12 
14 
83 
80 
40 
50 
00 
45 
21 
18 

6 
15 
10 
10 

8 
10 
12 
12 
18 
17 
15 

% 

20 
24 

85 
50 
40 
42 

40 
85 

(') 


25 
12 
13 
12 
20 
30 
27 
14 
18 
20 
18 
12 


8 

8 
8 
8 
9 
8 
10 
7 
5 


u 

5 

(8 


Fiet 
(•) 


12 


19 
23 


84 
89 
42 

(•) 


45 
22 

43 


80 
2 


Strata. 


SHp.. 
"SHpC" 


8.. 
LS, 

S-. 


HpCS 
SHp.. 


SHp 


SHp 

HpS 

HpCSG  -. 
LHpCSG. 


8 
66 


80 
42 


72 
83 
37 


40 

(«) 
36 
9 


88 
84 
45 

58 


45 


28 


55 

18 


86 
20 
80 
83 


80 
9 


T9 
82 


12 
72 
80 


LHpCS 

H 

Cup 


B^. 


li 


CSHp 


CHpS 
CHpS 


HpCS 


HpS.. 
HpSC 
LHpS 
HpCS 
HpCS 
CHpS 


HpCS 
HpSC 


CHpS 


HpCS 

G 

LG... 


S 

s 


HpSC 


*  Lagoon  water  11  feet  below. 


^  Swale  water  10  feet  below. 
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Tulare,  and  Kings  counties— Continned. 


QnaUtyof 
water. 

Metbod  of  lift. 

Cost  of 
well. 

CkMtof 
ma- 
chin- 
ery. 

Supply. 

Use  of  water. 

Salts,  parts  per 

Soft 

do.... 

Hand 

do 

'iio'.Tb 

$8.26 
3.25 

Good 

Dom;  st- 

12 

do 

do 

8 

Soft 

H&nd 

4 

3.25 
4.00 

Qood 

Dom;  8t 

13 

Wind  

do 

do 

9 

Soft 

do.... 

do.... 

do-... 

do..-. 

Hunil 

do 

do 

8 

Uwind 

....do 

do 

15 

Swind 

■ 

50.00 

do 

do 

14 

H^nd 

do 

do 

8 

do 

3.50 

do 

do 

8 

Soft 

do.... 

do.... 

do.... 

do.... 

Hand  

4.50 
3.50 

Good 

Dom;  st 

8 

do 

do 

do 

17 

Wind 

do 

do 

24 

Hnnd  .     ,  

do 

do  

17 

do 

12.00 

Small 

do 

14 

do... 

Hard 

do 

Good 

do 

16 

do 

87.00 

11.00 

do 

do 

14 

Soft 

Hard-  ... 
Soft 

Wind 

do 

do 

12 

Warrf  , 

100.00 

do 

do 

15 

do 

do 

do 

12 

Hard 

do  — 

Soft 

Wind 

do 

do. 

26 

Hand  

4.25 

....  do 

do 

12 

do 

do 

do 

11 

Soft 

do.... 

Hard 

Rope 

do 

do 

Hand;  horse 

Hand  ,  . 

80.00 

do 

do 

8 

do 

do 

13 

do 

36.00 

3.50 
5.00 
6.00 
3.50 
3.50 
3.50 

do 

do 

14 

do.... 

do.... 

Soft 

do - 

do 

do 

12 

do 

do 

do 

81 

do 

40.00 
80.00 

do 

do 

13 

do.... 

do 

do 

do 

12 

do.... 

do 

do  

Dom 1 

14 

do...- 

....  do.... 

Wind 

do 

Dom:  st 

do 

do ,.... 

do 

12 

do.... 

do.... 

do.... 

do.... 

Water:  hand 

6.0C 

do 

do 

...do  

12 

12  wind 

Stock 

Dom;  St. 

11 

Hand 

5.00 

do 

12 

do 

do 

do 

19 

do 

Har<i 

Wind 

do 

do 

13 

do 

84.00 
80.00 

100.00 
70.00 

do 

do 

16 

do.... 

do 

do.... 

8wlnd 

do 

do 

14 

Hf^nd  -  -      ... 

do.. 

do 

10 

do 

do 

do . 

14 

do. 

do.... 

do.... 

do.... 

14  wind 

do 

do 

10 

8wind  

47. «) 

do 

do 

do 

11 

Wind  

Stock 

8 

do. 

do 

Dom;  st 

12 

do.... 

do.... 

do. 

do.... 

Hand 

....  do  

do 

10 

12  wind 

80.00 

do 

do  

13 

Hand     

4.00 
5.00 
3.25 

do 

do 

do 

13 

do 

do 

Soft 

do 

87.00 

....  do 

do 

13 

Hard 

Soft... 

Hard 

Soft.... 
...  .do.... 

do.... 

do.... 

8wlnd 

do 

do 

17 

Hand    ... 

4.25 

do. 

....  do 

...do 

8 

Wind  ... 

do 

12 

HftTid  -, , ., 

12.00 

..  .do 

do 

11 

Wind 

do 

do 

9 

8wind 

47.00 

..  .do 

do 

18 

Hand 

do 

do 

11 

do 

3.50 

do 

do 

Soft 

...do  ... 
Hard:alk 

Wind 

do 

do 

8 

Hand 

3.50 
3.25 

do 

do 

13 

do 

21.00 

,  ....do 

do 

Alk 

do 

...  .do 

do 

19 

WHT^ 

do 

5.00 

do 

do 

20 

do 

do 

Soft 

do 

Wind 

24.  tt) 
25.00 

47.00 
89.00 

do 

do 

16 

do 

do .- 

do 

21 

Soft 

Hand     ...      .... 

3.25 

Good 

Dom;  st 

32 

•Swale  water  12  feet  below. 


^  No  water. 
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6 

SZ5 


682 
583 

684 
585 
686 
687 
688 
689 
600 
691 
592 
603 
594 
596 
596 
597 
596 
599 
000 

eoi 

602 
603 
004 
605 
606 
607 
006 
600 
610 
Oil 
612 
613 
614 
615 
616 
617 
618 
610 
600 
621 
622 
023 
624 
625 
626 
627 
628 
629 
631/ 

mi 

632 
633 
634 
6a5 
636 
637 
63H 
639 
640 
641 
642 

643 
644 
645 
646 
647 
648 
640 
660 
&'>! 
652 
653 
664 


Owner  of  well. 


Mr.Harrifl 

Lafayette  Pearson 

Mr.  Williams 

S.H.Crane 


Kennedy  &  Owen 
California  Bank . . 
Mrs.  Thornton — 


Ed.  Fergason . 
Hiermfc  BroB . . 
P.M.Hart  .... 
David  Antres. 
W.  B.  WilBon  . 


WillMcKenzie 

Bethel  schoolhouse 

J.  A.  Roberts 

M.A.Colton 

H.O.Marshall 


A.J.Wells 

H.S.Hulbert 

J.J.Wiley 

Shafer  Bros 

D.C.McClarly 

H.  White 

G.L.Traber 

Mathias  Thomson 

H.  F.Graper 

Helffe  Lee 

Frank  Hanson... 

W.H.Seward 

Charles  Strid 

Wells  Anderson. . 

E.  8.  Boot 

Mrs.  A.  Stober 

A.  B.  Clark 

S.F.L.&S.Assn.. 

N.J.Shadle 

N.  J.  Layton 

G.  Bordson 

J.ABeall 

J.M.Marshall 

Martin  Miller 

J.A.Milton 

N.Boysen. 

Milton  M.  West- . . 
Sacramento  Bank. 

C.O.Love 

E.L.Jediker 


S.P.B.R.Co 

Kimble  estate  — 

M.Bassett 

Ang.  Weihe 

O.J.  Ransom 

Geo.  Roeding 

Balfour,  Gnthrie 
Co 


& 


Judson  &  Stntson. . 

California  Bank 

do 

J.E.Rawlins 

Philips  estate 

R.S.Wait . 

C.H.Watson 

Cal.S.&L.Assn 

A.  P.  Redding 

A.Onesti 

A.L.Cressy 


Location. 


3 
0 
9 


T.  R.  8. 

13  19  26 

13  19  26 

13  19  29 

18  19  30 

13  18  25 

13  18  25 

13  18  23 

13  10  19 

18  19  17 

13  19  17 

14  21  12 
14  21  13 
14  22  19 
14  22  19 
14  22  21 
14  22  29 
14  22  28 
14  22  28 

14  22  34 
16  22  3 
U  22  35 
16  22  11 
16  22 

15  22 
15  22 

15  22  16 

16  22  14 
16  22  27 

14  22  27 

15  22  25 

15  22  35 

16  22  2 
16  22  14 
16  22  13 
16  22  13 
16  22  23 
16  22  26 
16  23  80 
16  23  19 
16  23  19 
16  23  18 
16  23  18 
16  23  8 
16  23  6 
16  22  25 
15  23  29 

15  23  30 

16  23  20 
16  23  20 
16  23  21 
15  23  19 
15  23  18 
15  22  13 
15  23 
15  23 
15  23 
18  21  14 
14  20  5 
14  20  6 
13  20  31 
13  19  26 


7 
8 
7 


13  19  35 

13  19  6 

13  19  11 

13  19  11 

19  21  1 

19  22  7 

19  21  13 

19  22  19 

19  21  26 

19  21  36 

18  21  36 

18  21  35 


Year 
com- 
pleted. 


1892 


1888 
1896 


1806 
1888 


1892 
1806' 


1888 
1892 
1900 


1883 
1879 

"1886' 
1881 
1892 
1877 
1892 
1888 
1896 
1889 

18^ 
1888 
1889 


1886 
1891 
18S4 
1888 
1900 
1881 
1880 
1891 
1891 
1891 
1885 
1885 
1884 


in98 
1897 

im 

1888 


1883 
1897 
1882 
1882 
1895 
1878 
1893 
1880 
1889 

im 


Class  of 
well. 


B6 
B2 
B7 
B7 
B2 
B5 
B5 
B6 
B7 
B6 
B2 
B6 
B2 
B6 
B5 


Dr2... 
B6.... 
B6.,.. 
B6-... 
B6— . 
Swale 
B6.... 
B6,... 
B6.— 
B5.... 
B6.... 
Dr2... 
B5-..- 
B6.... 
B6.... 
B5.... 
B6.... 
B5...- 
B5.... 
B5.... 
B5— . 
B5.... 


B5 
B6 
B6 
B5 
B6 
BO 
B5 
B6 
B8 
B5 
B5 
B6 
B5 
B6 


& 


u 

1 

9 

cB 

^ 

> 

^ 

s 

jg 

A 

"S 

t 

£ 


Feet. 
17 


35 


40 

100 

00 


Feet. 
14 
16 
21 
16 
19 
16 
22 
20 


& 


90 


64 


86 
58 


52 
72 


70 
66 
32 
60 


48 


Feet. 
3 


14 


24 

78 
40 


40 
46 
30 
40 
62 
67 


70 
60 
64 
40 


116 
70 
68 
55 
45 
53 
30 
59 


tJU  .......... 

B6 

m 

44 

35 

"93* 

B5 

B2 

B 

B5 

B5 

B8 

B7 

115 
83 

112 
42 
40 
40 
45 
55 

783 

B5 

B7 

B6 

B5 

B6 

65 

B8 

BIO 

B5 

B 

25 

14 
18 
12 
10 
16 
10 
16 
10 
15 
14 
13 
13 
16 
15 
12 
20 
25 
17 
22 

I    15 

20 

1    20 

I    1^ 

'    17 

30 

I    ^ 

I    28 

I    25 

'    30 

25 

I    25 

'    45 

30 

35 

10 

7 

9 

12 

24 

17 
60 
38 
38 
10* 
10 
10 
8 
9 
(•>) 
11 
10 


80 


18 
42 


71 


40 
62 


64 
50 
22 
46 


Strata. 


HpCS 
SHp" 


35 


25 

30 
18 
20 
27 
SO 


55 
40 
44 
26 


86 
50 
40 
30 

5 
23 

5 
34 


25 
84 

28 


81 


56 
45 
74 

31* 

30 

30 

37 

40 


16 


LHpSC. 
SGS.... 


CS. 


S 

s 


8 

CHpS 
8 


CS 


s 

LSHp  ... 

G8 

HpCS  ... 
OHpS... 
LHpCS  . 


iHpSC 


LHpSCHp 


H 


HpCS 
HpCS 
HpCS 

i 

LHpCS 

LHpS.. 

HpS.... 

8 

HpS.... 
HpS..-. 
HpCS.. 


SCHp.. 

80 

LHpSC 


CHpS 


LHpSC 


HpS.. 

8 

CS  ... 
CHp8 
CS.-.. 

sees 


■  Swale  water  13  feet  below. 
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WFLL8   IN   KINGS  BIVER   DELTA. 
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Tulare,  and  Kings  counties — Contmned. 


Quality  of 
water. 

Method  of  lift. 

Cost  of 
weU. 

s 

Cost  of 
ma- 
chin- 
ery. 

Snpply. 

Use  of  water. 

Salts,  parts  per 
100^. 

Soft 

do.... 

do.... 

do.... 

do.... 

Hand  . 

Good 

Dom;  st 

do 

13.00 

do 

do 

10 

Lift 

do 

do       

11 

Hwnd   

6.00 

8.50 

8.50 

50.00 

do 

do 

14 

do 

...  .do 

do 

12 

....  do.... 

Hard 

Soft 

do.... 

....  do.... 

do... 

do.... 

do.... 

do.... 

do.... 

do 

do 

Stock 

17 

8  wind 

$100.00 

do 

Dom;  Bt , 

82 

Wind 

do 

do     

12 

Hand 

8.50 

...  .do 

do 

13 

Wind 

do 

do 

12 

Hand 

8.50 

66.00 

56.00 

8.50 

8.25 

do 

do 

18 

Wind 

90.00 

do 

do 

15 

Swind 

do 

do 

14 

Hand 

do 

do 

16 

do 

do 

do 

10 

Soft 

do.... 

.....do.... 
do.... 

Han<1 

3.00 

Small  . 

Dom;  st     

14 

fJft ... 

Gkx)d 

Dom 

14 

Ff  and    ...  , 

3.00 
3.50 
3.50 

do.^ 

Dom  ;st     

8 

....  .do  ............ .. 

80.00 

do 

do 

10 

do..-. 

do 

do 

do 

12 

Hard  .... 

do...- 

Soft 

Hard 

Soft 

Hand 

80.no 

i».00 

3.00 
200.00 

Good 

Dom;  st ...... 

14 

Swind 

...Mo 

do 

do 

11 

Wind 

...  .do 

8 

Hand 

3.50 
8.25 
8.50 
3.50 
3.60 
8.60 
3.50 
8.50 
16.00 
3.50 

do 

Stock 

10 

do 

do 

Dom:  st  ...  .  ...... 

8 

Hard 

do 

4.50 

....do 

....do              

8 

Soft 

do 

do 

...  do... 

13 

..  ..do.... 

do 

do 

..  do 

18 

Hard 

do 

86.00 

do 

do 

32 

Soft 

do 

do 

do 

0 

Hard 

do 

80.00 
36.00 
22.00 
80.00 

■"67.06' 

do 

do 

81 

do 

do 

do 

38 

Hard 

....  do 

do 

do 

15 

Soft 

do 

do 

do 

12 

...do.... 

do 

11.00 

13.00 

0.00 

3.50 

120.00 

...do 

do 

11 

Hard 

do 

do 

do 

do 

.-  -do 

do 

do 

14 

Soft 

do 

11 

Hard 

do 

52.00 
44.00 

26 

do...- 

do 

do 

do 

17 

Wind;  hand 

do 

do 

21 

Soft 

do... 

Hard 

do.-.. 

do...- 

Soft 

Hard 

12  wind 

200.00 

do 

do 

29 

Wind 

do 

Dom 

Dom;  st 

do 

15 

12  wind 

116.00 
70.00 
48.  OU 

42.00 
46.00 
56.00 

do 

11 

Swind 

do 

18 

do 

do 

do 

17 

Hand  . 

do 

....  do 

29 

.  do 

do 

do 

11 

do 

53.00 

11.00 

5.00 

168.00 

40.00 

do 

do 

.-...do 

11 

do--.- 

Hard  .... 

do  — 

do 

Soft 

Hard 

Soft 

do 

do 

11 

Wind 

59.00 

do 

do 

16 

Swind 

do 

do 

12 

H**nd 

do 

Stock 

Dom;  st 

10 

U  wind 

do 

8 

Hand 

22.00 
8.80 

4.00 
3.50 

do 

do 

9 

do 

do 

12 

do 

do.... 

do.... 

do.... 

do.... 

Hard 

Soft 

.  ...do.... 

Hard 

Boft 

H  wind:  hand  , . . . , 

Good 

do ... 

8 

Swind 

16  wind 

73.00 

60.00 

do 

...  .do 

12 

. do 

....  do 

do 

11 

F*^nd      .... 

6.00 

do 

14 

Wind 

do 

do 

26 

Swind 

....do 

58.00 

do 

do 

38 

53.65 

150.00 

6.00 

do 

do 

do 

do 

do 

16 

12  wind 

42.00 

do 

14 

Hanci 

....do 

94 

do 

Dom ,. 

40 

do..-. 

do.... 

do 

do 

Dom;  st 

Dom 

64 

do 

56.00 
2,600.00 

7.00 

""4  00 
50.00 

do 

19 

Soft;  iiul 

Soft 

do 

488.020  gallons 

Good 

Dom:  irr 

14 

Ha«fl   .      ,   . 

Dom:  st 

12 

Swind 

25.  OU 

...do 

do 

16 

*  Flowa 
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STOBAQB   OF   WATER   ON   KINGS   BIVEB,  CAL. 


[no.  56. 


WeUs  in  Kings  River  ddta — FVesno, 


o 


Owner  of  well. 


665 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
666 
669 
670 
671 

e?2 

673 
674 
675 
676 
677 
076 
679 
660 
661 
662 
668 
664 
665 
660 
667 
666 
689 
690 
691 
692 
693 
604 
605 


I 


697 

69K 
699 
700 
701 
702 
703 
704 
705 
706 
707 
708 
709 
710 
711 
712 
713 
714 
715 

716 
717 
718 
719 
720 
?21 
T22 

ra 

725 
72IJ 
727 


Fred  Ward 

dilvan  Ferelra.. 

Jna  Bowers 

W.S.Burr 

Mrs.  J.  Hide 

W.V.Walker... 
Maria  Reynolds 

S.Badffer 

Mrs.  M.Camp... 

W.J.  Weir 

Mrs.  H.  Bryant . 

T.L.  Banna 

M.  P.  Hatch 

G.E.Lathan.... 


T. 
19 
19 
19 
19 
19 
20 
20 
16 
18 
18 
16 
16 
16 
18 
16 
16 
16 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 
16 
19 
18 
16 
18 
16 
Geo.  I.  Richie 16 


R.M.Coon 

James  Wright. .. 

J.  J.  Moss 

Jno.  Hnnlen 

R.  W.  Dougherty 

Mrs.  E.Cory , 

Fred  Jennings. . . 

J.F.Plorey    

G.E.  Shore 

L.  R.  Love 

W.  W.Parhn    ... 
Martin  Roberts  . 

H.N.Hogle 

Wm.Hogle 

Mary  White 

Mike  Dutra 


Location. 


H.  E.  Ayers. 

Mr.  Page 

J.  L.  Knrtz 

J.D.Patterson.. 
J.Sutherland... 
Frank  Sharpies. 
R.  H.Keams  ... 
J.Sutherland... 


T.  P.  Sutherland. 

W.A.Long 

C.Lathan 

Kimball,  trustee. 
Mrs.  M.  A.  Haws . 

Jno.  Wynrck 

Mrs.  M.  Andrews . 

J.R.Mullinix 

W.S.Slavin 

Jno.  Sigler 

M.P.Rose 

A.M.Stone 

W.Bnrr 

C.  Paddock 

M.F.  Mines 


Mussel  Slough  C.  and 
I.  lo. 

T.  J.  Smith 

E.Q.Sellers 

E.Jacobe  

W.Blevins 

John  Hereford 

Joe  Whiteside 


Judge  Shores — 
D.R.Nidiflfer.-.. 
H.V.Woodgate  . 
Geo.  W.  Houston 

P.C.  Eccles 

F.B.Wood 


18 
18 
18 
18 
18 
18 
18 
18 
18 
16 
16 
16 
18 
18 
16 
19 
19 
19 
10 
19 
19 
19 
20 
21) 
20 
20 

19 
19 
20 
19 
19 
19 
19 
19 
19 
19 
19 
16 
19 


R.  8. 

21  11 

21  14 

21  26 

21  26 

21  86 

21  2 

21  12 

21  34 

21  83 

21  32 

21  80 

20  36 

20  36 

20  26 

20  27 

20  83 

20  33 

20  4 

20  10 

20  10 

20  16 

20  15 

20  14 

20  13 

20  13 

21  18 
21  20 
31  16 
21  22 
21  25 
21  23 
21  fa 
21  22 
21  21 
21  30 
20  24 
20  26 
20  22 
20  26 
20  16 
20  27 
20  15 
20  12 

20  13 

21  18 
21  18 
21  17 
21  9 


21 
21 


21 
21 
21 


9 
2 


21  10 

21  14 

21  Zi 

21  26 

21  26 

21  34 

21  10 


4 
4 

5 


21  31 

20  36 

20  2 

20  26 

20  22 

20  26 

20  35 

20  25 

21  19 
21  20 
21  21 
21  a<) 
21  3 


1692 
1882 
1663 
1866 
1669 
1690 
1660 
1682 
1860 
1697 
1690 
1669 
1695 
1880 
1900 
1696 
1892 
1894 
1898 
1894 
1899 


1690 
1898 

i89i" 

1864 

1882 

1880 

1605 

1892 

1690 


1691 


1890 
1891 
1890 


Claasof 
welL 


:3 
o 


Drl* 

,  B6 

f^t 

B5 

B4 

B9 

B6 

800 
44 

"86" 
86 

B 

B5 

B5 

B5 

B6 

32 
40 
60 
42 
84 
182 

B5 

B5 

Dr2 

B5 

B5 

B5 

B8 

B6 

62 

Bd 

106 

100+ 

189 

38 

86 

40 

40 

B7 

B5 

B6 

B6 

B6 

B7 

B5 

B5 ! 

B5 

26 
75 
100 
67 
60 

B4.-. 

Dr2 

B5 

B6 

85 

B5 

B5 

24 

26 
106 
680 
170 

66 

96.6 

B5 

B5 

B2 

B5 

B2 

R5 

B5 

B5 

B5 

33 

40 

B5 

B 

B  

B5 

50+ 
606 
60 
40 
35 
66 

"85" 
63 

B7  

B6 

B6 

B6 

B5 

B4 

B5 

B7 

B5 

B5 

B6 

»} 

86 

52 

B6 

B9 

B6 

40 

40 

114 

10 

"37" 

B5 

B6 

D46 

B6 

B5 

B5 

B5 

34 

40 
50 

B4 

B5 

9 

s 


Feet 

0 

10 

9 

9 

16 
10 
12 
U 
10 
10 
12 

7 
12 

1+ 

3i 

8 

6 

4 
(•) 

3* 

6 
10 

8 
10 
12 

6 
12 
10 

6 

8 

9 
10 

8 

8 

7 

3 

10 

6 

3 
12 
10 

6 

6 

6 

6 

8 

(•) 
10 
12 
12 
12 
10 
14 
13 
13 
14 
21 

12 
12 

10 
11 

8 

7 
10 
10 
10 
12 
10 

8 


s 

t 


Feet. 


28 


25 
24 


Strata. 


C8. 
CS, 
OS. 


22 
80 
38 
36 
22 
181 


44 

164' 

i36i' 

25 
26 
32 
80 


18 
66 
92 
40 


16 

21 

106 


160 
48 
08.6 


27 
84 


42+ 


50 
28 
23 
43 


22 


28 
40 


30 

29 

106 

3 


27 


22 
30 
42 


CS 

8C 

CS 

8C 

CS 

CS 

CSL 

CS 

CS 

sc 

8C 

SC 

sc 

SL.8iltC. 

SCS 

C8 

CS 

SC 

8 


SC  .. 
CS  .. 
CS  .. 

ca*. 
cs.»». 

C8.M. 
C8.k. 
CS  .. 
C8  .. 
CS  .. 
CS.». 
SC  .. 
SC  .. 
CS.». 


.J 


SC 

CS 

SC. 

SC. 

SC. 

SC. 

SC. 

SC. 

CS. 

SC 


8C. 
SC. 


CS. 
CS. 


SC. 


CS.. 
C8... 


SC... 
SLSC' 


»  Flows. 
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Tuiare,  and  Kings  counties — Cktntiniied. 


Qaality  of 
water. 


Soft.. 

do 

do 

Alk  .. 

Soft 

Hard.... 

Soft 

do... 

do... 

do... 

do... 

Bard.... 

do.. 

Soft 

do. 

Soft;  sol 

Soft 

Hard.  .. 
....do... 

Soft 

Soft;  snl 

Soft 

do... 

Alk 

Soft 

Hard..., 


Method  of  lift. 


Hard 

do.... 

do... 

Soft;  sal . 

Hard 

Soft 

do.... 

do.... 

do.... 

do.... 

Soft:  snl . 

do... 

do.-.. 

Soft 

Soft;  snl . 

Soft 

do.... 

Hard 

....  do.-.. 

Hard 

Soft 

do.... 

Soft;  snl. 

Soft 

do.... 

Hard 

Soft 

do.... 

do.... 


Soft... 

do.. 

do. 

Hard... 


do.-.. 

Sul 

Hard... 
...    do... 
Soft:  sal 
Hard 


Soft 

do... 

Hard.... 

Soft 

do... 


Hand 

do 

12  tarbine. 
Wind 


8  wind 
Hand  . 

do. 

do. 

do. 

8  wind 
Hand  . 

do. 

do. 

do- 

....  do. 

t\o. 

Wind.. 
Hand.. 
do. 


Hand 

do 

do 

Wind;  hand 

do 

Force 

Hand 

do 

do 

do 


Cost  of 
welL 


$1,000.00 
22.00 


82.00 


50.00 
21.60 
20.00 
09.00 


108.00 
17.00 
17.00 


Cost  of 
ma- 
chin- 
ery. 


S3. 25 

180.00 


81.60 
5. 00 
8.25 
0.00 
8.00 

63.00 


4.00 
4.50 
4.00 
4.00 
4.00 


4.00 
3.25 
4.00 


Hand. 
.....do 


do 

do 

...do 

do  

Artesian 

Hand 

.....do  

do 

do 

Wind;  hand 

Hand 

12  wind 

Hand 

....do 


Hand.. 

do. 

8  wind 
Hand.. 

do. 

do. 

do. 

.  ..do. 
do. 


80.00 
60.00 
28.60 


Supply. 


Good. 
do 


.....do 

do 

do 

do 

do 

do 

...do 

do 

do 

Small 
Good. 
.....do 
.....do 

do 

do 


8.00 
3.00 
4.00 
4.50 


99.00 


28.  a) 
85.00 


10.00 
20.  OU 


1,333.00 


41.00 


33.00 


(•) 


Hand. 


Hand. 
do 


Rope-. 
Hand.. 

do. 

do. 

do. 

8  wind 
Hand.. 


18.00 


30.00 


97.00 


4.00 
4.00 
3.00 
4.00 


4.00 


3.00 
3.00 


4.0U 

05.00 

8.00 


4.00 
4.00 
4.00 
3.00 
4.00 
0.00 
4.00 
3.50 
3.00 


4.00 
3.60 


3.00 
8.00 
3.50 


4.00 
3.00 


4.00 


Good 

do 

5,789firallons. 
Good 

...do 

...do 

...do 

...do 

...do 

do 

....do 

...do 

do 

do 

....do 

do 

do 

do 

do 

do 

482  gallons 

Good 

do 

do 

do 

do 

do 

do 

Good 

do 

do 

32, 160  gallons 

Small 

Good. 

do 


Use  of  water. 


.....do 
.....do. 

do. 

do. 

Small . 
Good. 


Good 


do 

6. 433  gallons 

Small 

do 

Good 

...'..do 

do 

do 

do 

do 

do 


Dom 

Dom;  St.. 
...do.... 
....do.... 
..-.do-... 
.-..do... 
....do.... 
....do.... 

Dom 

.-..do.... 
...do.... 
...do.... 
...do.... 
Dom;  St.. 

Dom 

Dom;  St.. 
....do.... 
....do.... 
...do...- 
....do.... 

Dom 

Dom;  St.. 
Dom  .  ... 
...do.... 
...do.... 
Dom;  St.. 

do.... 

Dom 

...  do.... 
Dom:  St.. 

...do.... 

do... 

Dom 

Dom;  St.. 

do-... 

...do.... 

Dom 

do... 

Dom;  St.. 

do.... 

do.... 

....  do.... 

Dom 

Dom;  St.. 
do  ... 

...do.... 

Dom 

do.... 

do..., 

Dom;  St.. 
Irr.;  dom. 

Dom 

Dom;  St.. 

Dom 

do.... 

Dom;  St.. 

Dom 

Dom;  St.. 
do... 


Dom;  St. 


do.. 

....do.. 
do... 

Dom  — 

Dom:  St. 

do... 

Dom  — 
Dom;  St, 

do.. 

do... 

do.. 


Small I do 


1 


15 

15 

31 

23 

10 

92 

12 

14 

0 

11 

15 

13 

17 

8 

9 

15 

23 

24 

13 

30 

72 

50 

14 

14 

19 

32 

10 

17 

50 

11 

15 

9 

8 

10 

9 

37 

13 

14 

29 

13 

10 

12 

8 

13 

12 

11 

11 

11 

9 

21 

12 

9 

75 

18 

11 

12 

110 

31 

32 


31 

33 
29 
22 
41 
87 
33 
10 
12 
13 
8 
9 
18 


^  Alternate  layers. 


•On  high  ground;  4  feet  above  average. 


78 


BTOBAGK    OF   WATER   ON   KINGS    RIVER,   CAL. 


[NO.  56. 


Wells  in  Kings  River  delta — Fresno, 


800* 
801  I 
802 
803 

mi 

805 

806  -. 

807 

808 

80e 

810 

811 

81:ii 

813 

814 

815 

816 

817 

818 

819* 

800 

KSl 

822 

823 

824 

825 

826 

827 
828 
829 
830 

8:u 

832 
833 

mi 

835 
836 
837 
838 
839 
840 
841 
842 
843 
844 

846 

846 
847 
848 
849 
a50 
851 
852 
853 
854 


T. 

Montsromery  Brofl —  17 

Mr.  Jenkins 18 

William  A.French...  17 

M.  E.  Templeton 18 

M.B.V.  Garcia 17 

Mr.  Van  Dorset 17 

C.W.Clark 17 

T.J.Alcorn 17 

B.H.G 18 

Prank  Griffith 18 

JoeRofirers 18 

S.B.  Hicks 18 

Perry  C.  Phillips 18 

do 18 

.do 18 

J.H.Murray 19 

W.Hampshire 19 

R.Abbot 19 

P.Sweeney ,  19 

Mrs.  M.  J.  Covert 19 

G.L.  Fletcher 19 

Cal.  S.  and  L.  Soc 19 

Harry  Peacock 19 

E.Pichett 18 

P.M.Hart 19 

Cross  Creek  school-  18 
house.                        I 

C.Waldorf 19 

Fred  Dunn 19 


Location. 


M.  Braverman 

Evelyn  Davis 

Robt.  Douerhertv 

Eucalyptus     school - 
house. 

8.L.  Worley 

Robt  Don  gherty 

T.  McCarthy 

Mrs.  J.  T.  Hereford . . . 

H.  M.  Richardson 

E.  McCarthy 

Wm.Bourke 

W.  H.  Heldebrand . . . . 
J.M.Moore 


P.E.Howe 

Lakeside  Creamery 
Co. 

Geo.Clnte 

J.  H.  DeardoefT 

Susan  Hill 

S.  A.  Brewer 

Sacramento  Bank... 

A.&  J.  Toomey 

Wm.  Northup 

Mrs.  C.  Brown 

C.  A.  Roberts 


Tear 
com- 
pleted. 


R.  S 

22  34 

22  4 

22  iQ 

22  5 

22  29 

22  29 

21  36 

21  25 

22  5 
22  29 
22  28 
22  33 
22  35 
22  25 
22  36 
22  12 
22  11 
22  3 
22  14 

22  15 

22  9 

22  3 

22  a5 

22  4 

22  32 

22  5 

22  7 

22  9 

22  17 

22  21 

22  21 

22  28 

22  23 

22  34 

22  34 

22  34 

22  3 

22  3 

22  10 

22  10 

22  5 

22  8 

22  8 

22  33 

22  31 

22  8 

22  20 

22  20 

22  20 

22  32 

22  31 

22  15 

22  16 

22  17 


1900 
1888' 


1890 
1900 
1885 
1900 


1804 
1880' 


1900 


1802 
1900 
1899 
1878 
1878 
1880 
1880 
1873 
1885 


1880 


1876 
1875 
1875 

"1888* 
1880 
1900 


1886 
1891 
1800 

1885 

1890' 
1801 


1898 
1880 
1801 


Class  of 
well. 


B5. 

B5 

B6 

B5 

B5 

B5 

B5 

B5 

B5 

B5 

B5 

B5 

a5 

B5 
B) 
B5 
B5 
B4 
B5 
B5 
B5 
B4 
B5 
B5 
B5 
B5 

B4 
B5 
Ba 
B5 
B5 
B2. 

B5 

B5 

B5 

B6 

B5 

B5 

B5 

B5. 

B7 

B5 

BO. 

B8. 

B5. 


BIO. 
B5.. 
B5.. 
B5-. 
B5.. 
B6.. 
B5.. 
BTi.. 

DrU 
B5.. 


Feet 
56 
30 
35 


44 

60 
42 


88 


138 


43 
30 

100 
40 
40 
56 

+22 
76 


16 


30 
30 
75 
40 
30 
64 
30 
34 


600 

750 

60 

000 


30 
64 


30 


u 

s 

at 

B 

p. 

& 

Feet. 
13 

8 

8 

8 

8 

8 
11 
11 

0 
12 
11 

0 

0 
12 
16 
14 

8 

0 

8 
14 
10 
10 

0 

0 

0 

0 

8 
12 
0 
0 
8 
8 

13 
14 
13 
11 
10 
14 
17 
16 
15 
14 
(") 

^'.{ 

10 
12 
12 

<^ 

12 

8 

11 


s 

o 


F^et 
43 
22 

27 


36 
40 
31 


26 


126 


20 
22 

01 
32 
26 
46 
+12 
66 


46 


20 
42 


Strata. 


8CG. 
8C" 


8C 
SC 
SC 


SC 


SC 


C8  .... 
LQsCS 

SCSC"". 
S 


SC. 


17 

16 

62 

29 

20 

50 

13      SC. 

18    I  .... 


CS. 


SC. 

CS. 


SC. 


18    ;  CS. 


*On  hig^her  ^ound. 


*  Flows. 
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Tulare^  and  Kings  counties — Gontinned. 


Quality  of 
water. 


Soft.... 

do.. 

Hard... 
Soft.... 

do.. 

Hard... 
Soft.... 

do.. 

do.. 

do  . 

do.. 

do.. 

Hard... 

Soft 

do.. 

do.. 

do.. 

Hard... 

Soft 

do.. 

.....do.. 
Hard... 
Soft 


Hard;  alk 
Soft 


do 

do.... 

Hard;  alk 
Soft;  alk 


Method  of  lift 


Hand 

do 

....do 

8  wind 

12  wind;  hand 
Hand 


do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....do 

do 

Hand;  wind  . . 

Hand 

do 

14  wind;  hand. 

Hand... 

8  wind 

Hand 


do. 

do. 

do. 

8  wind 


Soft !  Hand. 


do 


Hard;  alk 

Hard 

Soft 

do.... 

Hard 

Soft 

...  do..-. 
...  do...- 

Alk 

Soft 

Soft;  sal . 
...do.... 
Soft 


do 
.do 


Hand.. 

do. 

do. 

do. 

...do. 
8  wind 
do- 
Hand.. 


Hand 


Soft:  snl . 

Soft 

do.... 

do.... 

do.... 

Soft;  snl. 

Soft   

Hard;  alk 
...do.... 
Soft 


Artesian 

Hand 

8  wind 

Hand 

14  wind;  hand 


Hand. 
do 

do 

do 


Cost  of 
welL 


128.00 

It'oo" 


22.00 
60.00 
14.00 


27.00 


40.00 
22.00 
50.00 
40.00 


56.00 


Cost  of 
ma- 
chin- 
ery. 


13.  SO 
&00 
3.50 

50.00 


4.00 
4.00 
5.00 


a  00 
2.25 
5.00 


4.00 
3.25 
3.25 
3.00 
2.25 
3.25 

"6."00" 


3.00 
3.60 
3.50 

6.00 
8.50 


40.00 


64.00 
30.00 
34.00 


41.00 
5.00 
2.25 

3.50 


1,600.00 

1,25(100 

45.00 

1,900.00 


30.00 
"22.'6o' 


3.50 
6.00 

20.  on 

2.75 

4.75 

114.00 

60.00 

8.50 


12.00 


2.25 

35.00 

2.50 


3.00 
3.00 


3.00 


Supply. 


Good. 

do 

do 

do 

do 

....  do 
.....do 
.....do 

do 

do 

do 

do 

do 

Small 
Good. 
.....do 

do 

do 

do 

....do 
Small 
Good. 
.....do 
....  do 

do 

do 


do 

do 

do 

do 

Small 
Good.. 


.do 
do 
do 
do 
do 
do 
do 
do 
do 
.do 


Good. 


Good.. 

do 

do 

do 


Good.. 

do 

do 

do 


Use  of  water. 


Dom  . 
Dom; 

do 

do 

do 

Dom  . 

do 

Dom; 

do 

Dom  . 
...do. 
...do. 
Dom; 
Dom  . 

do 

Dom; 

Dom.. 

Dom; 

do 

do 

do 

do 

Dom  . 
Dom; 

do 

do 


St. 


St. 


St. 


St. 

St! 


St. 


do 

do 

....do 
.....do. 

do 

Dom  ., 


Dom;  st 

do 

....  do 

Dom 

Dom;  st 

do 

do 

do 

Stock 

Dom 

Dom;  st;  irr. 

do 

Dom 


Dom;  st;  irr. 

Dom 

Stock 

Dom;  st 

do 

Stock 

Dom;  st 

do 

Dom 

Dom;  st 


10 
8 
18 
11 
0 
8 
10 
11 
58 
13 
21 
12 
31 
50 
16 
11 
8 
39 
10 
10 
12 
48 
16 
28 
8 
12 

20 

16 

46 

128 

9 

18 
U 
12 

8 
14 
17 

9 
12 


11 
13 
12 
15 

15 
27 
17 
29 
18 
13 
19 
US 
11 
11 
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In  1882  Mr.  C.  E.  Grunsky,  then  an  assistant  in  the  Calif ornia  State 
engineering  department,  made  a  careful  study  of  the  Kings  River 
water  supply.  In  1898  he  made  a  further  study  of  the  district  for  the 
hydrographic  division  of  the  United  States  Geological  Survey,  the 
results  of  which  are  published  as  Water-Supply  and  Irrigation  Pai)er 
No.  18,  which  has  previously  been  referred  to  and  from  which  the 
following  extracts  regarding  the  ground  water  are  made: 

In  no  other  irrigated  region  in  California  is  the  effect  of  irrigation  on  the  eleva- 
tion of  the  water  table  no  plainly  apparent  as  in  the  vicinity  of  Fresno.  Here, 
notwithstanding  the  6  feet  per  mile  slope  of  the  snrface  of  the  country,  the  snb- 
soils  have  been  and  are  being  gradually  saturated  with  water.  When  irrigation 
commenced  the  loss  of  water  from  canals  in  transit  to  lands  to  be  irrigated'was 
very  great,  and  after  reaching  its  destination  it  was  found  that  frequently  enough 
water  was  put  upon  the  surface  of  individual  small  tracts  of  land  to  have  covered 
them  to  an  average  depth  of  •  15  to  20  feet  in  a  season.  Most  of  this  water  found 
its  way  into  subsoils,  together  with  the  direct  loss  of  water  from  tlie  canals. 
When  the  first  wells  were  dug  at  Centerville  water  was  found  at  about  20  feet 
It  is  now  at  10  to  15  feet  below  the  surface,  and  will  probably  not  rise  much 
higher  on  account  of  ample  drainage  of  subsoils  and  a  comparatively  free  subsur- 
face flow  toward  the  low  river  bottoms.     [The  same  in  1900.] 

Along  Fancher  Creek,  where  the  creek  is  used  as  a  canal,  gronnd  water  was 
formerly  at  50  to  75  feet  below  the  surface;  it  is  now  at  12  to  20  feet  along  the 
upper  portion  of  the  creek,  and  still  nearer  the  surface  near  the  former  sink 
of  the  creek,  about  4  miles  east  of  Fresno.  In  the  Eisen  vineyard,  5  miles  east  of 
Fresno,  ground  water  is  at  4  to  6  feet  below  the  surface,  and  drain  ditches  have 
been  constructed  to  prevent  a  further  rise.  Ground  water  is  found  at  4  feet 
pelow  the  surface  in  many  parts  of  Temperance  Colony,  Nevada  Colony,  and 
Fresno  and  Central  colonies.  Throughout  a  considerable  area  near  Fresno  its 
surface  is  nowhere  more  than  16  feet  below  ground,  though  before  irrigation  com- 
menced depth  to  water  was  60  feet.  Cellars  which  were  in  use  until  18^  in 
Fresno  have  been  condemned  because  ground  water  made  its  apx)earance  in  them. 
Near  Selma  and  Kingsburg  ground  water  was  formerly  foundtat  about  30  feet. 
It  is  now  at  about  15  feet.  [It  was  at  12  feet  in  1900.]  The  so-called  *'  Sand 
Hollow,*'  which  is  a  depression  100  yards  to  one-fourth  of  a  mile  wide,  12  miles 
long,  and  about  16  feet  deep,  having  a  southerly  course,  and  passing  about  mid- 
way between  Selma  and  Kingsburg.  was  formerly  as  dry  as  the  surrounding  plain. 
About  1880  the  soil  in  its  bed  was  found  to  require  less  moisture  to  produce  crops 
than  the  adjacent  plain;  in  1885  water'appeared  at  the  lowest  points  of  the  bed. 
and  in  June  of  that  year  it  had  risen  to  the  heads  of  ripening  grain.  Spots  of 
black  alkali  now  mar  its  bed  and  sides,  which  before  were  a  light  sand,  apparently 
free  from  any  excess  of  alkaline  salts. 

Near  Sanders  and  at  points  eastward  from  there  toward  Kings  River  ground 
water  was  at  50  to  60  feet  before  irrigation  commenced;  it  is  now  at  20  to  30  feet. 
Here,  as  in  the  case  of  Centerville,  proximity  to  the  river,  which  lies  60  feet  below 
the  surface  of  the  plain,  may  interfere  with  a  much  'greater  rise  of  the  ground- 
water plane. 

In  connection  with  this  change  in  the  elevation  of  the  ground-water  plane,  it 
must  be  remembered  that  the  effect  of  irrigation  extends  far  beyond  the  points 
now  under  ditch.  Owing  to  tho  slope  of  its  surface  and  consequent  hydrostatic 
pressure,  ground  water  has  a  slow  but  certain  motion  westward  through  pervious 
subsoils  of  the  Fresno  region,  and  may  therefore  ultimately  contribute  more  or 
less  toward  the  flow  of  Fresno  Slough  and  San  Joaquin  River. 

At  the  time  irrigation  commenced  near  Fresno  the  soils  and  subsoils  were  dry; 
depth  to  ground  water  was  30  to  60  feet.  The  ground  was  porous,  generally  sandy, 
sometimes  very  hard  on  the  surface.    When  wet  it  was  converted  into  a  bog. 
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Wat«r  passed  throngh  it  readily  into  the  lower  strata.  Thoroagh  ip^etting  com- 
pacted the  soil  and  it  was  less  liable  to  conversion  into  slush  after  the  first  and 
second  wettings  than  before.  It  settled,  as  a  resnlt  of  the  first  wetting,  about  8 
inches  to  1  foot,  on  an  average.  Sometimes  the  full  supply  of  a  ditch  would  flow 
for  hours  into  a  hole  formed  by  the  breaking  in  of  the  surface.  Cavities  20  feet 
in  diameter  and  6  to  10  feet  deep  were  occasionally  formed  in  this  way,  and  had  to 
be  refilled  after  the  firsi  wetting.  The  stability  of  buildings  was  in  danger  when 
water  was  first  brought  near  them.  It  is  not  surprising,  under  these  circum- 
stances, that  when  irrigation  commenced  in  this  region  sometimes  enough  water 
was  run  on  small  areas  at  one  irrigation  to  have  covered  them  5  feet  in  depth,  and 
that  enough  water  was  delivered  to  some  of  the  20-acre  colony  lots  south  of  Fresno 
to  have  covered  them  to  an  average  depth  of  20  feet.  After  irrigation  was  prac- 
ticed for  a  time  the  soils  became  more  compact,  absorbed  water  less  rapidly,  and 
a  smaller  amount  of  water  passed  into  subsoils.  At  present  the  ground  water  near 
Fresno  is  so  near  the  surface  that  the  roots  of  alfalfa,  vines,  and  trees  readily  pen- 
etrate to  it  and  soils  are  kept  moist  by  the  water  rising  from  below.  Surface  wet- 
ting has  become  unnecessary  in  many  sections. 

By  the  rising  of  the  ground  water  plane  near  Fresno  large  tracts  of  land  have 
been  permanently  moistened.  Some  are  very  thoroughly  subirrigated,  and  in 
many  instances  injuriously  so.  Relief  must  be  sought  in  some  localities  either  by 
drainage  or  by  proper  regulation  of  the  supply  of  water  to  the  district  whereby 
the  elevation  of  the  water  table  may  be  controlled. 

Without  attempting  to  express  in  detail  the  acreage  irrigated  per  cubic  foot  per 
second  of  canal  capacity  or  actual  flow  of  water,  it  may  be  noted  that  the  total 
volume  of  water  brought  to  the  vicinity  of  Fresno  during  the  seventeen  years  1879 
to  1896  would  at  a  very  low  estimate  have  covered  to  an  average  depth  of  about 
0.8  foot  x>er  annum  the  entire  260,000  acres  of  the  region  through  which  the  canals 
send  their  branches.  It  would  have  covered  the  50,000  acres  to  whose  surface 
water  is  actually  applied  to  an  average  depth  of  4^  feet  per  annum,  or  to  a  total 
depth  of  75  feet.  Some  of  this  water  has  of  cotirse  been  consumed  in  sustaining 
plant  life,  more  has  been  evaporated,  but  the  most  of  it  still  permeates  the  subsoils 
of  the  irrigated  region  and  of  the  lands  to  the  west. 

PI.  XXVI  shows  the  regimen  of  the  water  plane  near  Hanford  as 
determined  by  Mr.  Grunsky. 

A  study  has  been  made  of  the  amount  of  water  that  has  been  used 
for  irrigation  on  the  Kings  River  delta  during  the  last  five  years.  It 
has  been  assumed  that  4,000  second-feet  of  water  (the  aggregate  dis- 
charge of  the  canals),  when  available  from  the  river,  were  diverted 
between  March  and  October,  inclusive,  and  that  during  the  remaining 
four  winter  months  2,000  second-feet,  when  available  from  the  river, 
were  diverted  for  irrigation.  From  the  tables  of  daily  flow  the  fol- 
lowing results  were  obtained,  on  the  foregoing  basis: 

Estimated  seasonal  diversion  for  irrigation  from  and  seasonal  flow  of  Kings  River, 


Season  November  1  to  October  SI. 


1805-96.. 
180S4y7.. 
iai7-98.. 
1896-99.. 
1899-1900 


Five-year  mean. 


Seasonal 
irrigation 
diversion. 


Acre-feet. 

1,070,900 

1,196,601 

800,528 

996.807 

1,082.158 


1,023,716 


Total  flow. 


Acre-feet. 
1,8^.425 
2,088,924 
876,079 
1,227,217 
1,281.051 


1,465,139 
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Probably  one-fourth  of  the  amount  diverted  is  lost  by  seepage  from 
the  main  canals  and  their  laterals.  Prof.  L.  6.  Carpenter,  of  the 
Colorado  Agricultural  College,  found  that  on  Cache  la  Poudre  River 
30  per  cent  of  the  water  that  was  applied  for  irrigation  returned  to  the 
river  below  by  seepage.  Still  larger  percentages  have  been  found 
in  Utah,  and  the  writer  personally  knows  that  similar  conditions  exist 
on  Gila  and  Salt  rivers  in  Arizona.  If  one-third  of  the  remaining 
water  applied  on  the  fields  for  irrigation  sinks  to  the  water  plane,  we 
have  a  total  seepage  volume  from  losses  in  transit  and  from  irriga- 
tion of  511,858  acre-feet  annually.  This  great  volume  of  gn^und 
water  undoubtedly  has  a  slow  westerly  movement  in  harmony  with  the 
surface  slopes.  This  is  indicated  by  the  fact  that  there  is  a  marked 
annual  fluctuation  in  the  elevation  of  the  water  plane,  it  being  from 
2  to  4  feet  higher  about  July  1,  after  the  heavy  spring  irrigation, 
than  in  October,  at  the  end  of  the  season's  drought.  If  a  pumping 
system  were  put  in  to  draw  upon  this  water  plane  for  irrigation  pur- 
poses, a  portion  of  the  water  pumped  would  be  lost  by  evaporation, 
but  probably  one-third  would  return  to  the  water  plane.  Thus  if 
300,000  acre-feet  of  water  were  pumi)ed  the  permanent  withdrawal 
would  be  not  more  than  200,000  acre-feet,  and  the  annual  supply 
would  be  from  two  to  three  times  that  amount. 

From  the  foregoing  facts  it  is  believed  that  a  supply  as  great  as 
300,000  acre-feet  cau  be  obtained  with  certainty  by  pumping  from 
the  water  plane  of  the  Kings  River  delta. 

The  annual  replenishment  of  the  ground  water  is  briefly  discussed 
(pp.  87  to  88)  in  the  accompanying  report  of  Mr.  Lewis  A.  Hicks  on 
the  generation  and  transmission  of  electric  power  and  the  installation 
of  pumping  plants. 

As  there  is  a  heavy  loss  in  the  diversion  canals,  as  this  loss  increases 
with  their  length,  and  as  the  general  movement  of  the  ground  water 
is  with  the  slope  of  the  country  in  a  southwesterly  direction,  it  is 
believed  that  the  best  location  for  the  pumping  plants  is  near  the 
lower  ends  of  the  canal  lines  and  at  the  westerly  portion  of  the  irri- 
gated lands.  If  located  there  a  portion  of  the  loss  from  the  canals 
would  be  obviated,  owing  to  their  shorter  length,  and  at  the  same 
time  the  pumping  plants  would  have  an  ample  water  supply  and  the 
lift  for  the  pumps  would  be  slightly  less.  If  the  pumping  plants  were 
located  near  the  upper  end  or  the  center  of  the  canal  lines  they  would 
probably  draw  directly  from  the  canals  water  which  otherwise  would 
flow  to  its  destination  by  gravity. 

ALKALINB  CONDITIONS. 

The  water  of  Kings  River  is  almost  chemically  pure.  Its  alkalinity 
is  negligible.  The  alkali  encountered  in  the  valley  comes  from  the 
soil,  largely  from  a  calcareous  hardpan  which  is  found  in  some  locali- 
ties.    In  rising  the  water  plane  reaches  the  point  where  capillary  action 
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continually  draws  water  from  below  and  evaporating  leaves  practi- 
cally all  of  the  dissolved  salt  on  the  surface  of  the  ground.  Anything 
that  will  lower  the  water  plane  will  tend  to  the  reduction  of  surface 
alkali.  If  the  voids  in  the  soil  be  taken  as  one-third  of  the  mass  and 
200,000  acre-feet  of  water  are  removed  each  year,  then  600,000  acre- 
feet  of  soil  are  drained,  equivalent  to  a  depth  of  2  feet  over  the  entire 
irrigated  area.  It  has  previously  been  shown  that  this  amount  will  be 
resupplied  from  the  river.  Nevertheless  the  tendency  of  the  pump- 
ing plants  would  be  to  prevent  the  water-logging  of  the  land  and  its 
alkalinity.  As  the  amount  of  pure  river  water  that  is  added  to  the 
water  plane  each  year  is  greater  than  the  amount  of  water  that  would 
be  pumped  and  partially  evaporated,  the  tendency  would  be  to  continu- 
ally dilute  the  salt  in  the  ground  water.  It  is  believed  that  the  alkali 
is  caused  by  the  rising  water  plane,  and  it  is  likely  that  one  of  tlie 
principal  provinces  of  the  pump  in  the  future  will  be  to  fight  alkali  by 
keeping  down  the  water  plane. 

Mr.  Thomas  Means,  of  the  Division  of  Soils  of  the  United  States 
Department  of  Agriculture,  has  personally  made  a  study  of  alkaline 
conditions  of  the  soil  and  water  of  the  Kings  River  delta.  He  has 
devoted  a  great  deal  of  time  and  thought  to  the  general  study  of  the 
alkali  problem,  and  his  views  are  very  valuable  in  considering  this 
subject.     He  has  kindly  furnished  the  following  for  use  in  this  report: 

The  salt  content  of  the  waters  near  Fresno  has  been  plotted.  No  marked  lines 
of  zones  of  underflow  were  fonnd.  The  wells  with  the  greatest  amount  of  solids 
seem*  however,  to  be  in  the  alkali  area  and  along  the  lower  part  of  the  valley. 
The  wells  in  the  portion  of  the  valley  north  of  Fresno  are  generally  of  lower  salt 
content  than  the  wells  south  of  Fresno,  yetlan  occasional  well  with  a  salt  content 
as  high  as  from  15  to  20  parts  is  found. 

The  water  table  under  the  Fresno  Plains  before  irrigation  was  commenced  aver- 
aged from  30  to  120  feet  below  the  surface.  At  present  the  average  depth  to  stand- 
ing water  in  the  Fresno  area  is  ab^ut  10  feet,  and  during  part  of  the  year  the  level 
rises  about  3  feet.  Much  of  the  area'  south  and  east  from  Fresno  has  the  water 
table  at  about  6  feet,  and  during  part  of  the  year  this  level  rises  to  within  2  or  3 
feet  of  the  surface.  The  Hanford  area  of  Mussel  Slough  country  has  the  level  of 
standing  water  about  8  feet  below  the  surface  of  the  ground.  [See  PI.  XXVL] 
During  the  winter  the  level  of  this  standing  water  rises  about  4  to  6  feet,  so  that 
over  a  great  deal  of  the  country  the  water  table  is  within  from  2  to  4  feet  of  the 
surface.  Here  the  salt  content  of  the  water  is  greater  than  around  Fresno,  aver- 
aging about  20  parts  per  100,000,  while  a  few  wells  contain  over  100  parts  per 
100,000. 

The  salt  content  of  the  water  of  Kings  River  is  about  8  parts  per  100,000,  the  most 
of  which  iB  lime  carbonate.  The  scheme  proposed  for  the  irrigation  of  the  desert 
lands  of  the  area  with  the  water  pumped  from  below  the  land  seems  perfectly 
feasible  to  me  and  should,  from  the  way  I  reason,  lessen  instead  of  increase  the 
trouble  with  alkali.  There  is  but  one  source  of  addition  of  alkali  to  the  country, 
that  is,  the  water  which  is  taken  out  of  Kings  River  for  irrigation.  This  water  is 
BO  pure  and  the  salts  which  it  does  contain  being  lime  salts  are  a  benefit  rather 
than  a  detriment  to  plant  growth.  For  all  practical  purposes  the  only  alkali 
with  which  we  have  to  deal  is  the  alkali  which  is  at  present  in  the  soil. 

Alkali  salts  to  be  harmful  to  vegetation  must  be  concentrated  within  the  top  2 
feet  of  soil.    Buried  below  this  depth,  or  if  evenly  distributed  through  the  soil  in 
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qaan titles  not  greater  than  0.4  per  cent  of  the  dry  weight  of  the  soil,  no  trouble  is 
ever  experienced  in  raising  ordinary  farm  crops  (except  in  the  case  of  the  carbonate 
of  soda  or  black  alkali,  which  is  harmful  if  present  in  qnantities  greater  than  0.1 
pel  cent).  If  the  alkali  be  allowed  to  accumulate  near  the  surface  of  the  ground 
the  roots  of  the  plants  are  unable  to  perform  their  proper  functions  and  the  plant 
suffers,  fails  to  ripen  the  fruit  or  dies. 

There  is  a  difference  in  the  rate  of  upward  and  downward  movement  of  the 
alkali  salts.  Experience  has  shown  that  the  alkali  salts  move  upward  more  readily 
than  the  same  salts  can  be  carried  downward.  This  is  because  the  upward  move- 
ments are  entirely  capillary  and  the  film  around  the  soil  moves,  while  the  down- 
ward movement  is  largely  gravitational  and  through  the  larger  pores  so  that  the 
film  movement  is  small.  This  explains  the  reason  why  it  is  that  even  after  large 
quantities  of  water  are  applied  to  a  field  of  alkali  salts  may  yet  come  to  the  surface. 

Since  alkali  rises  mainly  by  virtue  of  the  capillary  movements  of  the  soil  moisture, 
the  capillary  powers  of  the  soil  and  the  depth*to  standing  water  are  the  controlling 
factors  of  the  rise  of  alkali.  By  the  capillary  power  is  meant  the  rapidity  with 
which  the  moisture  will  rise  within  the  soil.  A  heavy  clay  soil  will  raise  water 
by  capillarity  much  higher  than  a  sand  or  silt  soil,  but  the  rate  with  which  the 
water  is  raised  is  so  slow  that  the  soil  is  said  to  be  of  low  capillary  powers.  In  the 
same  way  a  sandy  soil,  although  the  capillary  rise  is  rapid,  the  height  to  which 
the  water  rises  is  not  great,  and  the  soils  are  said  to  be  of  low  capillary  powers. 
Silt  soils,  soils  composed  of  very  fine  sand,  and  loam  soils  with  a  medium  per- 
centage of  clay  are  generally  classed  as  soils  of  great  capillary  power.  The  alkali 
soils  of  the  San  Joaquin  Valley  are  almost  without  exception  soils  of  great  capil- 
lary power.  Other  soils  of  the  same  area  which  had  all  the  conditions  necessary 
for  the  accumulation  of  the  alkali  salts  at  the  surface,  except  the  fact  that  the  soils 
were  of  low  capillary  power,  are  to-day  free  from  accumulation  of  alkali.  The 
Fresno  sandy  loam,  or  white  ash  land  as  it  is  locally  known,  is  of  great  and  rapid 
capillary  power.  The  greater  part  of  the  land  has  been  injured  by  the  alkali 
which  it  contained.  On  the  other  hand  the  Fresno  white  sand,  which  is  found 
typically  developed  on  the  plains  aronnd  Caruthers  and  which  is  of  low  capillary 
power,  although  it  originally  contained  within  10  feet  of  the  surface  as  much 
alkali  as  did  the  white  ash  land,  is  very  seldom  found  troubled  with  alkali. 

The  second  factor  in  the  accumulation  of  alkali  is  the  depth  to  standing  water. 
So  long  as  the  level  of  water  does  not  come  closer  than  4  or  5  feet  from  the  surface 
of  the  ground,  practically  none  of  the  soils  will  become  alkaline  if  cultivated. 
The  reason  for  the  accumulation  of  the  alkali  in  the  colony  lands  south  of  Fresno 
is  that  during  part  of  the  year  the  level  of  standing  water  comes  so  close  to  the 
surface  as  to  permit  continual  upward  movement  and  therefore  rapid  accumula- 
tion of  the  salts.  White  ash  lands  around  Selma  are  found  very  fertile  and  give 
large  returns  where  cultivated  in  fruit,  yet  an  examination  of  these  lands  has 
shown  that  they  contain  within  10  feet  of  the  surface  as  much  alkali  as  do  some 
of  the  alkali  soils  south  of  Fresno.  The  difference  is  this:  tbelevel  of  standing  water 
at  Selma  never  comes  close  enough  to  the  surface  (never  closer  than  6  feet)  to  per- 
mit rapid  upward  movement  of  the  water.  The  consequence  is  that  the  salts 
either  remain  in  the  deeper  subsoil  or  are  distributed  throughout  the  10  feet.  If 
ever  the  level  of  standing  water  around  Selma  is  allowed  to  raise  to  within  3  or  4 
feet  of  the  surface,  large  areas  of  now  fertile  land  will  be  rendered  barren. 

In  this  respect  the  scheme  proposed  for  pumping  promises  to  be  of  great  assist- 
ance in  the  prevention  of  the  further  extension  of  the  area  of  alkali  land,  but  it 
promises  also  to  be  of  great  assistance  in  the  reclamation  of  the  lands  already 
damaged.  The  pumps  will  be  most  active  at  the  time  the  water  table  is  ordina- 
rily highest,  and  the  amount  of  water  taken  from  the  soil  will  probably  either  pre- 
vent this  rise  or  lessen  its  height.    There  is  no  question  that  if  tliis  annual  rise  of 
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the  water  table  could  be  prevented  and  the  level  of  the  water  kept  at  its  lower 
position  the  reclamation  of  all  bnt  the  lowest  of  the  alkali  lands  would  be  possible 
without  a  great  and  exx)ensive  system  of  drains. 

Now  the  question  is:  Wonld  t^  continued  nse  of  the  water  which  lies  below  the 
land  so  concentrate  the  salt  that  it  wonld  in  time  contain  too  mnch  salt  for  plant 
growth?  My  opinion  is  that  it  would  not.  Yon  would  be  continually  drawing 
the  waiter  from  the  depth  of  say  50  feet  and  applying  the  water  to  the  surface  of 
the  ground.  Part  of  this  water  would  be  evaporated,  part  used  by  the  plant,  and 
part  would  drain  away  to  the  rivers.  The  remainder  would  remain  in  the  ground, 
but  it  would  be  continually  diluted  with  the  water  which  escapes  from  the  irriga- 
tion canals  and  from  irrigation  and  which  now  causes  the  annual  rise  of  the  water 
table.  The  absolute  amount  of  alkali  would  diminish  instead  of  increase,  for  the 
plants  would  take  up  some  of  the  salts  and  another  part  would  drain  away  into 
the  country  drainage.  The  concentration  of  the  water  would  probably  increase, 
but,  as  I  have  said  before,  I  think  the  dilution  of  the  irrigation  water  taken  from 
the  river  would  prevent  this.  If  the  water  is  drawn  from  a  depth  of  50  feet  there 
are  15  feet  in  depth  of  water  to  be  pumi)ed  before  the  same  water  is  used  the  second 
time.  Under  ordinary  pumping  irrigation  ten  years  would  be  required  to  effect 
this,  and  during  these  ten  years  sufficient  water  would  have  filtered  in  from  the 
gravity  irrigation  around  and  above  to  dilute  this  salt.  Moreover,  at  seasons  of 
very  high  flood  the  soils  could  be  irrigated  with  flood  water  at  a  slight  expense, 
since  the  greater  part  of  the  country  has  been  ditched. 

Most  of  this  applies  directly  to  the  Fresno  country.  Around  Hanford  the  con- 
ditions would  be  slightly  different,  for  here  the  rise  in  water  table  takes  place  in 
the  winter;  yet  I  can  not  see  where  this  will  affect  the  problem. 

To  sum  the  n[iatter  up,  I  think  the  result  of  pumping,  if  the  pumping  be  car- 
ried on  only  to  such  an  extent  as  to  move  the  water  which  is  now  lost  by  seepage, 
would  be  to  improve  the  conditions  rather  than  to  increase  the  trouble  from 
alkali.  The  water  table  would  be  lowered  sufficiently  to  permit  the  washing  down 
of  the  alkali  salts,  and  the  salts,  instead  of  being  confined  to  the  surface  layers  of 
the  soil,  would  gradually  be  distributed  throughout  the  50  feet  of  soil,  and  by  this 
dilution  rendered  harmless.  The  lowering  of  the  water  table  would  be  of  the 
greatest  assistance  to  the  reclamation  of  the  lands  already  alkaline,  and  would 
probably  permit  this  reclamation  without  extensive  under-drains. 


GENERATION  AND  TRANSMISSION  OP  ELECTRIC  POWER  AND 

INSTALLATION  OF  PUMPING  PLANTS.* 

INTRODUCTION. 

The  generation  of  power  from  the  waterfalls  of  the  high  sierras 
flanking  the  wide  expanse  of  nnxised  yet  fertile  lands  which  form  so 
large  a  part  of  the  broad  San  Joaquin  Valley,  and  its  utilization, 
through  electric  transmission,  for  pumping  the  irrigating  water  sup- 
ply in  the  valley,  is  a  subject  which  fascinates  the  physicist  as  an 
example,  on  a  large  scale,  of  the  conservation  of  energy,  and  it  does 
not  lose  in  attractiveness  when  considered  as  an  engineering  possi- 
bility quite  within  the  range  of  known  experimental  results  and  sus- 
ceptible of  exact  statement  as  to  the  cost  of  developing  and  producing 
continuously  a  unit  quantity  of  water. 

Several  yeai-s  ago  the  writer  pointed  out  that  the  high  load  factor 
(the  ratio  of  the  average  to  the  maximum  load)  which  could  be  real- 
ized in  the  operation  of  a  power  plant  handling  a  purely  pumping 
load  would  reduce  the  cost  of  pumping  sufficiently  to  make  this 
method  of  water  development  economically  possible,  and  as  the  result 
of  the  present  investigation  it  is  apparent  that  the  required  invest- 
ment per  acre-foot  produced  compares  favorably  with  the  cheapest 
surface-catchment  projects,  and  that  the  annual  cost  of  operating 
would  be  less  than  by  any  other  method  of  extending  the  water  sup- 
ply, provided  it  is  deemed  advisable  to  operate  the  plant  continuously 
throughout  six  or  more  months  of  the  year.  The  very  complete  phys- 
ical data  which  are  available  from  the  surveys,  stream  measurements, 
and  photographs  taken  have  made  it  possible  to  study  the  problem 
in  detail.  It  falls  naturally  into  three  subdivisions:  (1)  The  possi- 
bility of  power  development  on  Kings  River  depending  on  the  fall 
and  minimum  run-off  available  within  reasonable  limits  of  conduit 
length;  (2)  the  cost  of  generation,  transmission,  and  application  of 
sufficient  power  to  pump  1,000  acre-feet  of  water  daily  for  the  irriga- 
tion of  lands  between  Fi'esno  and  Hanford;  and  (3)  the  possibility  of 
developing  that  amount  of  water  continuously  from  the  gravel  storage 
of  the  alluvial  cone  of  Kings  River. 

POWER  AVAILABLE. 

The  site  selected  for  the  power  house  is  at  the  junction  of  the  South 
and  Middle  forks  of  Kings  River,  at  an  altitude  of  1,980  feet.  The 
diversion  planned  is  from  the  Middle  Fork,  through  14,000  feet  of 
continuous  tunnel,  with  working  adits  at  frequent  intervals,  deliver- 
ing a  maximum  flow  of  180  second-feet  at  the  penstock,  which  is  680 
feet  above  the  water  wheels. 
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The  watershed  tributary  to  this  diversion  contains  an  area  of  325 
square  miles  and  rises  to  an  altitude  of  14,000  feet.  The  least  mean 
monthly  run-off  during  the  last  five  years,  which  were  years  of  drought, 
occurred  in  September,  1898,  when  the  Red  Mountain  gaging  records 
indicate  an  available  mean  flowage  at  the  Middle  Fork  diversion  of  85 
second-feet.  Following  is  the  mean  monthly  minimum  flow  during 
these  &ve  years: 

Mean  monthly  minimum  flaw  of  the  Middle  Fork  of  Kings  River. 

September —  Second-feet. 

1896 206 

1897 138 

1898     '. 85 

1899-. 90 

1900 126 

In  each  year  the  minimum  month  was  September.  During  the  rest 
of  the  year  the  available  flow  was  never  less  than  100  cubic  feet  per 
second,  a  quantity  sufficient  to  generate  the  full  load  output  contem- 
plated. The  recurrence  of  extremely  dry  seasons  at  more  frequent 
intervals  than  ten  or  fifteen  j^ears  is  not  probable  and  does  not  prop- 
erly constitute  a  limitation  of  the  plant  to  be  installed. 

ANNUAL  REPLENISHMENT  OF  GROUND  WATER. 

A  study  of  the  water  supply  available  for  pumping,  which  has  been 
fully  considered  by  Mr.  Lippincott,  shows  it  to  be  ample  to  furnish 
the  maximum  of  328,500  acre-feet  required  annually  by  the  pumping^ 
plants,  and  the  supply  will  probably  be  much  in  excess  of  the  demand. 

Experience  in  Kern  County,  on  a  scale  relatively  as  great,  shows 
that  the  water  plane  is  maintained,  notwithstanding  continuous  pump- 
ing, where  the  wells  are  in  proximity  to  gravity  canals,  and  that  while 
the  plane  of  saturation  is  lowered  during  seasons  when  the  canals  are 
deprived  of  water  it  soon  regains  its  former  level  when  the  use  of  the 
canals  is  resumed. 

A  careful  study  has  been  made  of  the  data  a<5quired  by  the  extensive 
observations  of  the  existing  water  plane  in  the  Kings  River  delta,  as 
revealed  by  more  than  800  wells,  supplemented  by  information  given 
by  well  borers  familiar  with  the  district.  The  average  welLs  for 
irrigating  purposes  have  a  log  similar  to  the  following: 

Repre8entatii>e  log  of  wells  in  Kings  River  delta. 

Feet. 

Soil 7 

Hardi)an  or  clay 2to8 

Coarse  sand lOtoSO 

Heavy  clay 30to60 

Coarsesand 4to6 

The  first  layer  of  sand  is  generally  found  to  be  alkaline  and  is  cased 
out,  dependence  being  placiMl  on  the  second  stratum  of  sand,  from 
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which  the  supply  is  drawn  through  the  open  bottom  of  the  casing. 
Under  pumping  such  wells  at  first  discharge  considerable  sand,  creat- 
ing around  the  casing  a  cavity  of  such  dimensions  that  the  entering 
velocity  of  the  water  is  reduced  to  a  x>oint  where  its  transporting 
I)ower  is  lost.  Where  the  clay  roof  is  sufficiently  thick  to  prevent 
caving  these  cavities  may  become  very  large  and  the  capacity  of  the 
wells  be  proportionately  increased.  A  formation  of  this  character  is 
therefore  exceptionally  favorable  to  the  development  of  large  quan  titie^ 
of  water. 

The  storage  capacity  of  the  area  affected  by  the  annual  infiltration 
above  the  level  t^  which  the  water  plane  might  be  reduced  by  contin- 
uous pumping  is  not  less  than  2,000,000  acre-feet. 

In  the  light  of  experience  and  of  the  data  presented  regarding 
storage  capacity,  rate  of  replenishment,  favorable  formations  encoun- 
tered, and  the  reabsorption  of  a  part  of  the  water  pumped,  the 
writer  believes  it  entirely  conservative  to  say  that  the  quantity  of 
water  estimated  upon  in  this  report  can  be  continuously  developed 
from  the  gravel  beds  of  the  Kings  River  delt^a  by  the  methods  outlined. 

PLANT  PROPOSED. 

While  the  limits  of  this  report  make  it  necessary  to  omit  many  of 
the  details,  the  general  characteristics  of  the  designs  will  be  stated 
briefly  before  summarizing  the  estimates.  The  figures  used  for  co«t 
of  intake,  conduit,  roads,  bridges,  and  trails  were  prepared  from  pre- 
liminary surveys,  and  appear  to  the  writer  to  be  amply  large  to  cover 
any  probable  modification  of  design  or  location.  A  description  of 
the  rest  of  the  plant  follows  in  order,  from  the  intake  to  the  pumps. 

SAND  TRAPS. 

Ordinarily  the  water  is  very  clear  and  carries  but  little  silt.  Pro- 
vision has  been  made,  however,  for  trapping  the  granitic  sand  which 
is  present  in  all  streams  of  the  upper  sierras  during  the  spring  fresh- 
ets, while  the  snow  is  melting.  The  saving  effected  in  the  erosion  of 
wheel  buckets  and  nozzles  justifies  this  expense.  The  normal  conduit 
velocity  through  the  traps  for  full-load  conditions  has  been  reduced 
to  a  little  more  than  1  foot  per  second,  and  at  the  penstock  the 
transverse  velocity  will  be  less  than  0. 5  foot  per  second.  This  has  been 
cheaply  effected  by  locating  the  structure  in  one  of  the  small  lateral 
drainage  lines  intersected  by  the  tunnel  alignment  at  grade,  and 
diverting  the  drainage  around  the  open  cut  by  means  of  a  small 
training  wall.  Movable  fiashboard  will  make  it  possible  to  flush 
the  settling  chamber  withou  interferi  wit! '  the  continuous  flow  of 
the  conduit,  and  a  by-pass  wii  equaliz  the  pressure  on  the  flash- 
boards.  Flushing  may  be  continuous  when  water  is  plentiful,  and 
be  intermittent  or  cease  entirely  when  the  flowage  is  less  than 
required.     A  waste  weir  is  provided  for  regulation  and  for  use  when 
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DETAILS  OF  PROPOSED  POWER  PLANT. 
A,  Section  of  tunnel ;   J?,  section  of  wasteway ;    C,  plan  of  penstock. 


HICKS]  ELECTRIC    POWER    AND    PUMPING    PLANTS.  89 

it  is  desirable  to  shut  off  entirely  the  flow  from  the  penstock.  PI. 
XXVII  shows  a  longitudinal  section,  plan,  and  transverse  section  of 
the  sand  trap. 

PENSTOCK. 

As  designed,  this  structure  is  divided  into  three  bays,  from  each  of 
which  a  pressure  pipe  is  taken  out.  The  bays  can  bo  separated  by 
dashboards  placed  in  grooves  in  vertical  buttresses,  and  the  pressure 
pipes  can  be  shut  off  by  stop  boards  between  the  buttresses.  The 
tunnel  enters  the  penstock  in  the  center  bay.  The  surface  elevation 
of  the  water  in  the  penstock  can  be  regulated  by  stop  boards  between 
the  portal  buttresses.  An  overflow  weir  is  provided  to  carry  the 
maximum  flow  of  the  conduit  when  all  outlets  below  are  closed.  Sec- 
tions  of  the  tunnel  and  waste  way  and  plan  of  the  penstock  are  shown 
in  PL  XXVIII. 

PRESSURE  PIPES. 

The  three  pipe  lines  are  designed  to  be  30  inches  in  diameter,  of 
st.eel  plates  riveted  in  place,  with  full-load  velocities  of  7  feet  per 
second  and  an  effective  head  of  660  feet,  requiring  a  flow  of  100 
cubic  feet  per  second  to  generate  the  rated  output  of  the  dynamos. 
Each  pipe  is  equipped  at  frequent  intervals  with  air  valves  of  large 
area.  The  pii)es  are  to  be  placed  in  a  trench  to  a  depth  of  half  their 
diameter,  anchored  to  rock  in  situ,  and  covered  with  rough  rubble. 
A  concrete  thrust  block  is  provided  at  the  foot  of  each  pipe,  which 
tapers  from  a  diameter  of  30  inches  at  the  thrust  block  to  18  inches 
at  the  gate  valve  (18-inch)  in  the  power  house  immediately  back  of 
the  nozzles.  Each  pipe  feeds  to  a  single  generating  unit,  with 
practically  no  curvature  in  reaching  the  wheels.  In  case  it  is  neces- 
sary, however,  to  feed  two  units  from  any  one  of  the  three  pipe  lines, 
this  can  be  accomplished  through  a  30-inch  by-pass  connecting  the 
thrt^e  pipes  back  of  the  thrust  blocks  and  not  shown  in  the  drawings. 

POWER  HOUSE. 

In  designing  such  a  structure  the  endeavor  should  be  to  obtain,  as 
cheaply  as  possible  consistent  with  long  life  and  utility,  a  safe  and 
convenient  assemblage  of  the  necessary  apparatus  in  such  a  manner 
that  all  working  parts  of  the  plant  shall  be  easily  accessible  for  repairs 
and  that  possible  future  extensions  can  be  made  in  conformity  to  the 
same  general  plan,  also  to  concentrate  the  machinery,  so  far  as  is 
consistent  with  safety,  in  order  to  minimize  the  expense  of  attend- 
ance.    This  has  been  the  aim  in  planning  these  works. 

The  power  house,  as  designed,  is  shown  in  pliin,  side  elevation, 
end  elevation,  and  transveree  section  in  PI.  XXIX.  It  is  believed 
that  the  intense  summer  heat  justifies  the  substantial  character  of 
the  design  and  that  the  use  of  the  granite  country  rock  will  be 
cheaper  than  any  alternative  material  offering  results  equally  satis- 
IRR  58—02 8 
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factory.  Thorough  vontilation  will  be  obtained  through  louver  open- 
ings in  the  roof  ridge  and  by  exhaust  fans  connected  with  the  cool  air 
in  the  wheel  pits. 

The  pressure  pipes  and  exciter  branches  are  below  the  level  of  the 
switch-board  floor,  obviating  the  use  of  short  goose  necks  on  the  main 
units.  The  tailraees  provide  a  straight  outlet  for  the  waste  water  in 
direct  line  with  the  axis  of  the  pressure  pipes  and  offer  head  room  for 
repair  work  under  the  wheel  mounting.  Work  can  be  done  on  either 
unit  without  interference  with  the  operation  of  the  rest  of  the  plant. 
Wire  conduits  for  the  leads  from  the  generators  to  the  low-tension 
busbars  and  exciter  circuits  are  designed  with  ample  working  dimen- 
sions. The  reasons  for  the  arrangements  adopted  will  be  taken  up 
in  connection  with  the  several  classes  of  apparatus  to  which  they 
appertain. 

Hydraulic  eqiiipment, — As  designed,  the  water-wheel  centers  are 
mounted  on  the  shaft  on  which  the  revolving  fields  of  the  generators 
are  carried,  dispensing  with  an  intermediate  coupling,  and  are  fitted 
with  interchangeable  single  tangential  buckets.  The  shaft  is  carried 
in  three  bearings  of  the  usual  ring-oiling  type.  The  wheel  housings 
part  horizontally  at  the  axis  of  the  shaft,  permitting  easy  access  to 
the  entire  wheel.  The  nozzles  are  interchangeable,  equipj)ed  with 
deflecting  hood  actuated  by  means  of  rocker  shaft  and  links  from 
a  Lombard  governor  belted  to  the  generator  shaft.  The  nozzles  are 
also  provided  with  a  needle  valve  for  hand  regulation  if  desired. 
The  exciter  units,  two  in  number,  are  connected  directly  to  their 
respective  water  wheels,  either  being  of  sufficient  capacity  to  provide 
exciting  current  for  two  generators.  The  exciter  tailwater  will  dis- 
charge into  the  main  tailraees.  The  foundations  for  water  wheels 
and  generators  to  be  excavated  to  solid  rock,  built  up  with  concrete, 
and  reenforced  and  tied  together  laterally  with  expanded  metal  and 
small  I  beams. 

Generators, — The  generators  proposed,  three  in  number,  are  of  the 
3-phase,  60-cycle,  alternating-current,  revolving-field  type,  with  a  nor- 
mal capacity  of  1,350  kilowatts,  or  1,800  horsepower,  at  2,200  volts,  at 
a  speed  of  200  revolutions  per  minute,  and  are  on  the  shaft  "with 
the  water  wheel.  The  stationary  armature  in  this  form  of  generator 
dispenses  with  any  adjustment  of  moving  parts  on  the  generating 
element  of  the  machine,  as  the  leads  simply  connect  to  terminal  blocks 
on  the  armature  frame  to  which  the  ends  of  the  3-phase  windings  are 
brought.  The  elimination  of  collector  rings,  made  possible  in  thLs 
way,  tends  to  higher  generating  pressures,  with  resulting  economy  in 
transformers.  Machines  of  this  type  of  12,000  volts  capacity  have 
already  been  developed  and  are  in  successful  operation. 

In  designing  these  works  moderate  electric  pressures  have  been 
adopted  both  for  generation  and  transmission,  with  a  view  to  keeping 
well  within  the  limits  of  successful  operation.  As  planned,  the  gener- 
ating units  are  below  the  station  floor,  to  permit  the  pressure  pipes 
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to  reach  the  wheels  without  unnecessary  curvature,  and  plenty  of 
working  room  has  been  provided  around,  under,  and  over  the  machines. 
A  traveling  crane  provides  means  to  lift  and  transport  any  part  of  the 
machines  to  any  part  of  the  building.  The  generator  leads  pass  up 
from  the  subterranean  working  conduit  behind  the  switch  board  to  the 
busbars,  where  they  are  distributed  to  the  transformers  overhead. 
Wide  passageways  are  provided  around  the  switch  board,  which  con- 
sists of  a  separate  panel  for  each  generator  and  one  for  the  exciters, 
carrying  the  usual  interconnecting  switches,  voltameters,  ammeters, 
integrating  wattmeters,  fuse  blocks,  field  rheostat,  and  synchronizing 
devices. 

Transformers. — The  floor  or  shelf  on  which  the  transformers  are 
placed  is  of  concrete  and  expanded  metal,  with  working  room  between 
and  around  the  transformers.  The  low-tension  wires  (2,200  volts 
X>otential)  pass  into  the  transformer  coils  on  the  rear,  next  to  the 
wall  of  the  building,  and  the  high-tension  wires  (30,000  volts  poten- 
tial) are  taken  from  the  opposite  side  through  a  plug  board  equipped 
with  long  break  switches,  from  which  the  wires  pass  back  overhead, 
across  the  transformers,  through  glazed  openings,  to  the  external 
circuits. 

POLE  LINBS. 

The  route  selected  for  the  pole  lines  follows  in  a  general  way  the 
proposed  wagon  road  from  the  power  house  to  Millwood,  and  thence 
along  the  existing  wagon  roads  to  Centerville,.  in  the  valley  below, 
for  the  purpose  of  insuring  access  to  the  lines  during  the  winter,  when 
the  ground  will  be  covered  with  snow.  Beginning  at  an  elevation  of 
2,000  feet  the  line  attains  an  altitude  of  5,500  feet  at  Millwood,  and. 
then  descends  to  Centerville,  45  miles  from  the  power  house.  Experi- 
ence in  Colorado  and  British  Columbia  demonstrates  that  if  the  lines 
are  structurally  strong  no  interruption  of  operation  need  occur  by 
reason  of  snow.  Interruption  has  invariably  been  due  to  weak 
mechanical  construction  and  not  to  electrical  causes.  Two  pole  lines 
carrying  four  3-phase  circuits  of  No.  3  hard-drawn  copper  wire  sup- 
ported on  suitable  insulators  to  be  built  to  Centerville,  where  a  switch 
station  will  be  located.  The  arrangement  is  such  that  each  generator 
can  be  run  separately  on  an  independent  circuit,  or  any  number  of 
circuits  can  be  operated  in  multiple  from  a  single  generator,  or  all 
of  the  generators  can  be  run  parallel  into  any  or  all  of  the  circuits  by 
means  of  suitable  connection  at  the  busbars.  From  Centerville  one 
line  has  been  projected  to  Fresno  and  beyond  and  another  to  Hanford 
and  the  intervening  lands. 

SUBSTATIONS. 

The  extraordinary  yield  of  the  developed  wells  around  Fresno,  con- 
sidered in  conjunction  with  the  depth  to  the  plane  of  saturation,  the 
probable  depth  of  exhaustion  of  the  wells,  and  the  economical  output 
for  each  station,  requires  about  45  horsepower  delivered  to  the  motors, 
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and  the  necessary  size  of  the  units  suggests  the  use  of  50-hor8epower 
induction  motors  at  2,000  volts  potential.  The  advantages  of  a  large 
irrigating  head  have  been  obtained  by  grouping  four  pumping  plants 
around  a  transformer  station  800  to  1,200  feet  distant.  Each  substa- 
tion consists  of  a  neat  wooden  building  provided  with  a  radiation  wall 
so  aiTanged  that  the  heating  of  the  air  in  the  roof  space  creates  a  draft 
through  the  vent  provided  at  the  top,  which  establishes  a  circulation 
through  the  walls  of  the  building  and  prevents  the  air  within  from 
attaining  more  than  the  normal  temperature  outside.  The  trans- 
former house  proposed  is  shown  in  elevation  and  section  in  PL  XXX, 
and  a  section  of  its  wall  in  PI.  XXXI,  B. 

The  equipment  proposed  consists  of  200  kilowatts  of  self-cooling, 
oil-insulated  transformers  wound  to  convert  the  line  pressure  of 
30,000  volts  to  a  distribution  pot<ential  of  2,000  volts,  at  which  it  is  fed 
direct  to  the  motors  without  further  transformation.  An  outside 
high-potential,  triple-pole,  double,  long-break  switch  provides  means 
of  cutting  out  the  substations  for  adjustment. 

PUMPING  STATIONS. 

These  buildings  are  of  the  same  general  construction  as  the  trans- 
former house  (For  elevation  and  section  of  proposed  pump  house 
see  PI.  XXXII.)  As  designed,  the  equipment  consists  of  a  10-inch 
centrifugal  pump,  with  working  vanes  to  suit  the  motor  speed  and 
height  of  lift,  mounted  in  a  steel  frame,  connected  directly,  with  grip 
couplings,  to  the  shaft  of  a  vertical  motor  supported  on  the  same 
frame  above  the  level  of  the  surrounding  country,  so  that  in  case  the 
pit  is  accidentally  flooded  the  electric  apparatus  is  safe  from  injury 
and  the  i)lant  suffers  no  damage.  The  pits  are  curbed  with  concrete 
and  expanded  metal  panels  set  in  steel  T-beam  frames  and  bolted  in 
place,  with  diagonal  bracing  at  the  ends  to  prevent  racking.  (See 
PI.  XXXI,  D,)  The  wells  are  12  inches  in  diameter,  sealed  into 
the  concrete  floor,  and  will  probably  require  sinking  to  an  average 
depth  of  100  feet.  The  suction  pipes  are  8  inches  in  diameter,  of 
heavy  galvanized  iron,  riveted  and  soldered.  Suction  inlet  to  the 
pumps  is  provided  in  the  form  of  a  cross,  so  that  four  wells,  90  degrees 
apart,  can  be  connected.  If  the  two  wells  shown  in  the  section  of  the 
pit  fail  to  develop  sufficient  water,  another  well  will  be  sunk  30  or  40 
feet  away,  laterally,  and  a  fourth,  on  the  opposite  side,  if  it  should 
prove  necessary;  these  lateral  wells  to  be  connected  by  tunneling 
from  the  main  pit,  sinking  a  brick  manhole  over  the  well  to  the 
depth  of  the  pit,  and  connecting  the  wall  of  the  pit  and  the  manhole 
by  standard  screw  pipe  surrounded  by  6  inches  of  concrete,  back-filled 
solidly  and  terminating  at  either  end  inside  of  the  pits  with  a  bolt 
flange  from  which  connection  can  be  made  to  the  pump  and  vertical 
suction  pipe.  Priming  is  effected  by  closing  the  gate  valve  on  the 
discharge  pipe  and  exhausting  the  air  from  the  suction  pipes  and 
pump  with  a  mechanical  primer  operated  with  a  taper  friction  from 
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the  motor  shaft.  (See  PL  XXXI,  A, )  The  motor  starts  id  le,  the  weight 
of -the  motor  and  shaft  being  carried  on  a' collar  working  on  ball  bear- 
ings on  the  pump  head  until  the  appearance  of  water  at  the  discharge 
of  the  priming  pump  indicates  the  priming  of  the  main  pump.  The 
opening  of  the  gate  valve  on  the  discharge  pipe  i)ermits  discharge  to 
begin,  and  the  pump  is  so  designed  and  adjusted  that  the  static  lift 
operates  to  balance  the  suspended  parts.  Each  station  is  equipped 
with  an  automatic  device  for  cutting  out  the  motors  in  case  of  a  dis- 
turbance of  the  line.  Oilers  are  arranged  to  require  attention  once 
in  twenty-four  hours;  more  frequent  inspection  has  been  shown  by 
experience  to  be  unnecessary. 

COST. 

In  the  following  estimate  of  cost  wagon  freight  from  Sanger  to  Mill- 
wood has  been  figured  at  $9  a  ton,  and  from  Millwood  to  the  power 
house  at  12  a  ton.  The  figures  used  for  the  cost  of  the  intake, 
conduit,  roads,  bridges,  and  trails  were  prepared  from  preliminary 
surveys,  and  appear  to  the  writer  to  be  ample  to  cover  any  probable 
modification  of  design  or  location.  The  delivery  of  construction 
material  on  the  line  of  the  tunnel  and  at  the  penstock  requires  the 
use  of  an  inclined  skidway  and  a  small  hoisting  engine,  which  are 
included  in  the  estimate.  Several  miles  of  difficult  mountain  wagon 
road  and  trails  must  be  built,  and  a  bridge  be  constructed  across  the 
South  Fork  at  the  power  house.  A  screen  of  iron  bars  at  the  intake 
has  been  included  in  the  estimate,  also  double  screens  at  the  pen- 
stock, to  keep  leaves  and  sticks  from  entering  the  pressure  pipes.  A 
telephone  line  of  No.  12  wire,  strung  on  the  power  line  poles  and 
equipped  with  instruments  and  cut-out  switches  at  each  of  the  sub- 
stations, has  been  estimated  upon,  while  a  comfortable  bunk  house, 
with  double  roof  and  walls,  library,  dining  room,  kitchen,  bathroom, 
and  complete  sanitary  plumbing,  which  has  been  included,  is  regarded 
as  a  necessary  adjunct,  and  a  small  ice-making  plant  and  cold  room 
piped  for  direct  ammonia  expansion,  which  have  also  been  included, 
would  add  to  the  comfort  of  the  employees. 

Estimate  of  cost  of  power  and  pumping  plants  for  generating  and  transmitting 
power  from.  Kings  River  for  the  utilization  of  ground  water  in  the  valley, 

Hydranlic  works: 

Headworks  and  intake $5,500 

Conduits 184,800 

Adits 7,700 

Sandtraps.. --.-  1,330 

Penstock  and  waste  weir _ - 3,478 

Pressure  pipes  (three  steel  pipes,  each  30  inches  in  diam- 
eter, 8, 200  feet  in  length,  with  gates  and  air  valves) 59, 691 

Hydranlic  equipment  (water  wheels  for  the  three  generators 

and  the  two  exciters,  with  governors,  gates,  and  fittings) .    27, 000 

$289,499 
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Bnildings: 

Power  honse,  foandations,  and  condnits.     115, 738 

Mess  and  bunk  house 3,600 

Refrigerating  plant 1,500 

Stable,  workshop,  and  tools 2,900 


Roads  and  bridges ..- ..    58,850 

Trails 3,300 

Electric  generation  and  conversion: 

Generating  equipment  and  control  (three  generators,  1,800 
horsepower  each,  two  exciters  for  same,  switch  board, 

instruments,  and-installation) 59, 705 

Transformers  (ten  of  600  horsepower  each,  30,000  volts,  with 
switches,  etc. ) 33, 000 

Transmission: 

Pole  lines  (45  miles  of  double  pole  line,  four  circuits  toCen- 
terville,  45  miles  distant,  and  40  miles  of  distribution  lines) .  267, 200 

Centerville  switch  house. 3, 000 

Substation  transformation  (25  substations,  each  containing 
four  step-down  transformers— one  for  reserve — total  capac- 
ity 266  horsepower,  with  switches,  etc.,  complete,  each 
station  designed  to  furnish  the  power  for  four' pumping 
stations).- 73,750 


123,738 


62,150 


92,705 


843,950 


812,042 
Engineering  and  contingencies,  5  per  cent 40,602 


Total ; a52,644 


Pumping  stations,  100  at  $4,057  (consisting  of  50-hors6power  motor, 
10-inch  centrifugal  pump  and  attachments,  cement-lin^d  pump  pit, 
four  wells  90  feet  deep,  buildings,  piping,  etc. ) 405, 700 

Engineering  and  contingencies,  5  per  cent 20,285 

.*  

Total 425,985 


Recapitulation : 

Power  generation  and  transmission _  852,644 

Water  development,  i.  e.,  100  pumping  stations 425, 985 

Total 1,278,629 

The  estimate  on  pumping  plants  is  for  a  capacity  of  5  second-feet 
each,  or  a  total  of  600  second-feet,  per  24  hours,  being  1,000  acre-feet 
per  24  houi*s  from  an  average  depth  of  45  feet,  equivalent  to  365,0(^) 
acre-feet  per  annum  (3G5  days),  making  the  cost  of  installation  $3.50 
per  acre-foot  of  annual  capacity. 

The  estimated  cost  of  operating  the  plants  is  as  follows: 

Estimated  cost  of  operating  po^ver  and  pumping  plants, 

Interest,G  per  cent  on  bonded  indebtedness , $76,718 

Taxes,  2  per  cent  on  60  per  cent  valuation 15,843 

Depreciation  and  maintenance 25,550 

117, 611 


•*  —  ww^^ist 
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Power  house: 

One  superintendent |1,400 

Three  attendants  at  11,000 3,000 

Three  helpers  at  $800 2,400 

Onelaborer 750 

One  watchman 750 

Horses  and  stable 1,300 

Oil,  waste, and  supplies 2,400 

■$12,000 

Pole  line: 

Two  linemen.. 1,800 

Teams  and  snpplies 800 

2,600 

Pnmping  stations: 

Ten  attendants  at  $800' 8,000 

Two  inspectors  at  $1,000 2,000 

Horses,  20at$!50 8,000 

Oil,  waste,  and  supplies 2,400 

15,400 

Total  operating  expenses 30,000 

Administration  and  local  expenses: 

One  general  superintendent 2,400 

One  bookkeeper _ 1,200 

Office  rent  and  sundries 1,400 

5,000 

Insurance  and  contingencies 5,000 

10,000 

Total 157,611 

Considering  the  load  factor  of  the  pumping  system,  i.  e.,  the  ratio 
of  the  average  load  to  the  maximum  load,  to  be  90  per  cent,  the  annual 
pump  output  would  be  328,500  acre-feet,  on  the  basis  of  the  use  of 
the  plant  for  328^  days,  and  the  total  cost  of  operating  would  amount 
to,  in  round  numbers,  $0.50  per  acre-foot  produced  per  annum.  If 
the  plant  were  operated  fewer  days  each  year  the  cost  per  acre-foot 
produced  would  be  much  greater. 

CONCLUSION. 

In  order  to  appreciate  tlie  magnitude  of  the  proposed  development 
it  may  be  compared  with  what  has  already  been  achieved  with  the 
gravity  flow  of  Kings  River.  The  flow  available  during  dry  years  is 
the  measure  of  irrigated  acreage  on  which  stable  values  can  be  main- 
tained, since  land  with  an  uncertain  water  supply  must  fluctuate  in 
value  as  the  seasons  are  favorable  or  otherwise.  During  1898  the 
supply  available  was  very  deficient.  Last  year  (1900)  the  profits  from 
the  raisin  crop  alone  in  the  Fresno  district  are  reported  to  have  been 
more  than  $2,000,000,  and  this  industry,  as  well  as  the  fruit,  stock, 
and  general  farming  interests,  is  dependent  on  the  river,  not  partially 
but  absolutely,  for  its  existence.  Practically  all  created  values  within 
the  area  served  by  the  water  of  Kings  River  are  sustained  by  its 

•  Operatives  to  pay  cost  of  board  at  mess  house  out  of  8alarie& 


96 


STORAGE   OF   WATER   OK   KINGS   RiVER,  CAL. 


[no.  50. 


flowage,  and  the  aggregate  of  these  values  runs  into  millions  of  dollars. 
Plenty  of  additional  land,  of  even  better  quality  than  that  now  under 
cultivation,  is  available  if  an  assured  water  supply  can  be  provided. 

Making  due  allowance  for  seepage  losses  in  conveying  the  pumped 
water,  the  annual  amount  available  from  the  new  supply  would  l)e 
300,000  acre-feet,  and  the  cost  of  supplying  it  would  be  only  slightly 
in  excess  of  the  present  charges  for  water  from  gravity  canals  in  this 
locality. 

The  conditions  described  exist  at  many  other  places  along  the  east- 
ern slope  of  San  Joaquin  Valley,  where  there  are  many  square  miles 
of  unused  land,  much  of  it  possessing  as  great  natural  advantages 
as  the  tracts  under  cultivation  at  lower  elevations,  which  a  water 
sui>ply  would  convert  into  a  rich  and  productive  country.  Riverside 
is  an  example  of  what  five  yeara'  development  with  water  will  accom- 
plish. Notwithstanding  the  continued  decreasing  flow  of  the  peren- 
nial supply  due  to  the  dry  years  1895  to  1900,  orange  planting,  which 
passed  the  natural  limit  of  stream  flow  several  j'^ears  ago,  has  been 
steadily  extended  to  outlying  districts,  and  water  development  from 
well  supplies  has  kept  pace  with  the  increasing  requirements  until 
the  quantity  available  and  the  acreage  served  are  much  greater 
than  ever  before,  and  the  best  lands  are  now  dependent  on  pump 
irrigation. 

General  attention  now  being  directed  toward  the  advantages  i)os- 
sessed  by  California,  it  seems  probable,  under  the  pressure  of 
increased  population  and  the  market  demands  which  must  follow, 
that  another  generation  will  witness  the  cultivation  of  every  acre  of 
land  susceptible  of  irrigation  in  San  Joaquin  Valley,  and  in  view  of  the 
possibilities  herein  suggested  it  does  not  appear  unreasonable  to 
believe  that  water  will  be  provided  for  every  acre  that  can  be  culti- 
vated. 

SUMMARY. 

The  important  results  of  the  investigations  on  Kings  River  are  sum- 
marized in  the  following  table: 

Results  of  investigations  for  ivater  development  along  Kings  Riv>er. 


Improvement. 


Description. 


Dusv  Meadows  reser- 
voir. 

Pine  Plat  reservoir  . 

Clarks  Valley  reser- 
voir. 
Do 

Lon^  Meadow  reser- 
voir. 

Pumping  plants 

Do  


125-foot  dam 

140-foot  dam 

85foot  dam 

l()6-foot  dam 

170-f()otdam 

d28f  days*  operation  per  an 

nam. 
100  days'  operation  per  an 

num. 


Capacity, 
iu  acre- 
feet  per 
annum. 


16,  aw 

78, 197 
120,  i»9 

217.196 
S5,334 

328,500 

100,000 


>st  of  insti 
Total. 

illation. 

Per  acre- 
foot 
stored. 

Annual 
cost,  per 

acre- 
foot,  of 
interest 
and  op- 
eration. 

$538,880 

$38.00 

$3.10 

1,750,000 
1.331,025 

23.38 
11.(15 

2.06 
1.04 

2,206,833 
718.715 

10.15 
28.00 

.93 
2.64 

1,278,629 

3.50 

.50 

1,278,029 

12.78 

1.43 
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The  last  column  of  the  foregoing  table  gives  the  cost  per  acre-foot 
per  annum  of  water  delivered  to  the  lands  to  be  irrigated,  a  deduc- 
tion of  20  per  cent  of  the  water  stored  being  made  for  losses  by 
evaporation  and  seepage  in  transit.  The  pumping  plants  being 
located  where  the  water  will  be  used,  no  such  deductions  are  made 
for  them. 

The  Dusy  Meadows  and  Long  Meadow  reservoir  sites  are  not  of 
special  value,  as  better  reservoir  sites  are  available.  The  Pine  Flat 
and  the  Clarks  Valley  sites,  however,  are  both  of  great  value  to  the 
Kings  River  irrigation  districts.  The  storage  work  should  be  l)egun  by 
building  the  Clarks  Valley  reservoir  with  the  85- foot  dam.  This 
should  be  followed  by  the  construction  of  the  140- foot  dam  at  the  Pine 
Flat  site.  The  height  of  the  dam  at  Clarks  Valley  can  be  increased 
to  105  feet  or  more  in  the  future.  Water  from  these  reservoirs  could 
most  advantageously  be  applied  to  the  foothill  lands  between  eleva- 
tions of  300  feet  and  550  feet,  where  citrus  fruits  can  be  raised  and 
where  no  water  is  now  available. 

The  estimates  show  that  the  cheapest  supply  in  the  valley  can  oe 
obtained  by  pumping  with  electric  power  generated  by  the  river  itself 
l)efor©  it  reaches  points  of  diversion  or  storage,  provided  the  pump- 
ing plants  are  operated  at  least  half  the  time.  This  pumped  water 
could  be  obtained  most  cheaply  in  the  lower  valley  lands,  where  the 
water  plane  has  now  risen  to  near  the  surface  and  where  the  longest 
diversions  are  necessary  under  existing  canals.  While  the  pumping 
plants  might  be  used  near  the  foothills  the  water  supply  there  would 
not  be  so  large  and  the  lifts  would  l)e  greater,  but  the  lands  redeemed 
would  be  more  valuable. 

During  the  high- water  stages  of  the  river,  which  last  from  March 
until  the  middle  of  June  or  the  first  of  July,  an  abundance  of  cheap 
water  is  now  available  by  gravity  for  the  irrigation  of  all  of  the  lands 
within  reasonable  limits  which  are  under  Kings  River.  At  piesent 
the  use  of  the  water  is  needlessly  wasteful  during  that  season  of  the 
year.  It  is  believed  that  if,  in  addition  to  this  spring  irrigation,  water 
to  a  depth  of  1  foot  could  be  furnished  to  the  irrigated  lands  between 
the  first  of  July  and  the  end  of  November  it  would  be  sufficient  to  main- 
tain them  in  a  condition  for  the  production  of  any  crop.  Assuming 
that  the  pumping  plants  will  produce  200,000  acre-feet  of  water,  there 
will  be  available  from  that  source  and  from  the  Clarks  Valley  and 
Pine  Flat  reservoirs,  with  the  lower  dams,  about  400,000  acre-feet  of 
water.  If  all  the  water  that  is  diverted  by  the  pumping  plants  and 
the  storage  reservoirs  should  be  put  onto  new  areas  it  would  mean  the 
addition  of  200,000  acres  of  irrigated  land  to  the  community. 

In  concluding  it  may  be  stated — 

(1)  The  capacity  of  the  canals  diverting  water  from  Kings  River  is 
approximately  4,000  cubic  feet  per  second. 
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(2)  Ten  years'  records  of  the  river  show  that  the  average  flow  for  the 
month  of  August  is  603  cubic  feet  per  second  and  for  the  month  of 
September  389  cubic  feet  per  second. 

(3)  The  irrigable  area  is  very  great. 

(4)  Probably  the  most  valuable  areas  in  Fresno  and  Tulare  counties 
are  the  foothill  lands  upon  which  citrus  fruits  can  be  grown  between 
the  300-foot  and  the  600-foot  contours  of  elevation.  These  lands  are 
without  water  rights  and  can  l)e  irrigated  from  the  reservoirs  described 
herein. 

(5)  Pumping  plants  can  be  established  and  operated  which  will 
furnish  1,000  acre-feet  of  water  per  day  at  a  cost  not  much  greater 
than  that  now  paid  for  gravity  water  from  the  canals,  to  supplement 
the  present  summer  supply  or  to  extend  the  irrigated  areas. 

(6)  The  operation  of  the  pumping  plants  will  partially  if  not 
wholly  prevent  the  rising  of  alkali  to  the  surface  of  irrigated  lands. 

(7)  One  hundred  and  ninety-eight  thousand  six  hundred  and  ninety- 
six  acre-feet  of  water  now  wasting  annually  can  by  storage  be  eon- 
served  at  prices  well  within  commercial  limits. 

(8)  A  good  water  right  will  add  150  per  acre  to  the  value  of  dry 
lands  in  the  valley  and  $90  per  acre  to  the  value  of  lands  in  the 
foothills. 

(9)  All  of  the  works  included  in  the  table  on  page  96  are  feasible 
and  safe  from  an  engineering  point  of  view. 
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ADDENDA. 

In  the  summer  of  1901  a  series  of  measurements  of  some  of  the 
canals  taking  water  from  the  north  bank  of  Kings  River  and  east  of 
Centerville  were  made  for  Mr.  L.  A.  Nares,  general  agent  of  the  Fresno 
canal.  This  is  nineteen  years  subsequent  to  the  measurements  made 
by  Mr.  Grunsky,  and  the  results  are  in  marked  contrast  with  those 
obtained  by  him.  Evidently  the  continued  irrigation  practiced  dur- 
ing the  interval  has  raised  the  ground- water  level  so  that  it  is  largely 
supporting  the  water  in  transit  in  the  canals.  While  in  some  in- 
stances gains  in  the  volume  of  water  are  reported,  it  is  believed  by 
the  writer  that  these  must  be  the  exception  instead  of  the  rule,  for 
the  canals  are  normally  higher  than  the  lands  irrigated,  and  there 
can  not  be  a  gain  unless  the  plane  of  saturation  is  higher  than  the 
surface  of  the  flowing  water. 

These  measurements  are  of  interest,  but  owing  to  continued  diurnal 
fluctuations  in  both  the  river  and  the  canals  absolute  results  can  only 
be  obtained  by  continuous  records  of  water  heights  at  rating  stations. 

Summary  of  measurementu  made  in  Kings  River  canals  in  August  and  September^ 
1901,  to  determine  loss  or  gain  by  seepage  and  etxiporation. 


No.  of 

measure- 

ment. 


2 
3 
4 
5 

6 

7 

8 


Name  of  canal. 


Genteryllle  and  Eingsbarg 

canaL 

Fowler  Switch  canal 

do 

do 

Cen  terrille  and  Kingsbnrg 

canal. 
Qould  canal 


do 

Uain  canal 


Locality. 


CenteryUle  to  Sanger. 


Oenteryille  to  Collins  Gate 
Head  gate  to  Centerville  . . 
CenterTille  to  Collins  Gate 
Centerrille  to  Sanger 


Holland  Flnme  to  Entner 

Colony. 
do 

Long  Cut  and  Limbangh 
Gate. 


Dis- 
tance. 


Miles. 


9 
2 

9 

7 

11 

11 
10 


Gain  or  loss. 


Sec-feet 
-20.00 

+  6.00 

+ 

-  9.57 

-83.00 

+  2.25 

+  1.60 
-27.fl5 


Per  cent. 

-  5 

+  2 

+ 

-8 

-12 

+  1 

+  2 

-  7 


Note.— All  of  the  measurements  except  Nob.  4  and  6  were  made  with  a  current  meter, 
sign  ( +)  indicates  gain,  and  minus  sign  (— )  indicates  loss. 

99 


Plus 


INDEX. 


Page. 

Acknowledgments 96 

Alkali,  occnrrence  and  effect  of 82-85 

Bubbe  Creek,  reeervolr  sites  on 27 

Canals,  lands  served  by 1^15 

Carpenter,  L.  G.,  cited 82 

Clarka  Valley,  reservoir  project  at.  3!M3, 96, 97 

Dinkey  Creek,  features  of 20 

Dosy  Meadow8,re8ervoir  project  at.  2^29, 96, 97 

East  Lake,  features  of 46-48 

Electric-power  development,  features  of.  48-98 

Evaporation  and  seepage 22-24, 81-82, 99 

Forest  cover,  view  showing 14 

Fruits, character  and  production  of..  12,1^14 

Geologic  section 82 

Granite  Basin,  features  of 48 

views  of 48,50 

Green,  H.E.,workof 24,27,43 

Ground  water,  features  of 50-82, 87-88 

Orunsky ,  C.  E. ,  cited  and  quoted .  15, 22-23, 80-81 

Hamilton, E.G.,  work  of 24 

Hicks,  L.  A.,  cited : 82 

report  of •. 86-95 

Irrigation,  effect  of,  on  water  plane 80-82 

extentof 12-14 

need  of 12-13 

water  required  for 81-82 

Kings  River,  drainage  basin  of,  map  of . .       11 

physical  features  of U-lo 

regimen  of 17-22 

volume  of  . .  .18, 17-22, 30-33, 89-42, 81-82, 95-96 
Kings  River  Canyon,  profile  and  plan  of.       52 

viewof 52 

Kings  River  delta,  features  of 11-12 

ground  water  of 53-:82 

map  of 14 

Lake  Charlotte,  futures  of 27 

Le  Conte,  J.  N. ,  acknowledgments  to 25 


Page. 
Long  Meadow,  reservoir  project  at.  44-46, 96, 97 
Lumbering,  destructive,  view  showing ...       14 

Means,  T..  quoted 83-85 

Middle  Fork,  map  of 54 

views  of 50,52 

Newell,  F.  H. ,  letter  of  transmittal  by 9 

Paradise  Valley,  features  of 27 

Pine  Flat,  features  of 30-33,96,97 

weir  proposed  at 31 

Power,  development  of 48-98 

Precipitation ,  amount  and  character  of . .      US, 

1^17 

Pumping  plants,  installation  of 86-95, 96 

Pumping  station,  description  of 9^93 

elevation  and  section  of 94 

Red  Mountain,  gaging  station  at,  view 

showing : 16 

river  discharge  at,  diagrams  show- 
ing        18 

Reflection  Lake,  features  of 47 

viewof 60 

Reservoir  projects,  summary  of 96 

Reservoir  surveys,  features  of 24-25, 43-48 

Roaring  River,  features  of 27 

Sand  traps,  features  of 88-89 

views  of 88 

Seepage  and  evaporation 22-24, 81-82, 99 

bimpson  Meadows,  features  of 28 

South  Fork,  reservoir  sites  on 26,27 

Sugarloaf  Creek,  features  of 27 

Temperatures,  seasonal. 12 

Water  plane,  effect  of  irrigation  on 82 

Water  storage,  need  of 1^15 

summary  of  projects  for 96 

Water  supply,  amoant  of 17-22, 30-33, 39-42 

Wells,  data  regarding 53-85 

log  of,  representative 87 

101 


O 


DEPAKTMBNT    OF    THK    INTEIUOK 


WATER-SUPPLY 


IRRIGATION  PAPERS 


UNITED  STATES  GEOLOGICAL  SURVEY 


No.  59 


WA8HISGTOK 

aOVEUHMENT    PBINTIKO    OKFIOB 

1902 


UNITED  STATES  GEOLOGICAL  SURVEY 

CHARLElt  D.  WALCOTT.  DIRECTOR 


DEVELOPMENT  AND  APPLICATION  OF  WATER 

NEAR   SAN   BERNARDINO,   COLTON 

AND    RIVERSIDE,    CAL 


By   JOSEPH     BARLOW     LIPPINCOTT 


WASHINGTON 

OOVBRNHENT   PRINTraa   OFFICE 

1902 


CONTENTS. 


Page. 

Letter  of  transmittal 9 

Gteneral  location  and  topography _ 11 

Soil 13 

Climate...  14 

Croiw - 18 

Water  supply _ -- 20 

Small  canals  near  Colton  and  San  Bernardino  _ _  _ 24 

Descriptions... - 24 

Discharge  measurements 29 

Wells - 88 

Artesian  wells  of  the  Riverside  Water  Company _ _ 41 

Martins  well 42 

Pumping  plants 42 

East  Riverside  Pumping  Company,  Raynor  ranch 43 

City  of  Colton  pumping  plant 43 

Pomeroy  &  Marble  wells  _ 45 

Colton  Terrace  Orange  Land  and  Water  Company. 45 

Bloomington  pumping  plants 45 

Minor  pumping  plants 46 

Streams  tributary  to  San  Bernardino  Valley  above  and  below  Slover  Moun- 
tain  - 47 

Riverside  district 59 

History 59 

Riverside  Water  Company _ .  62 

Water  supply 62 

Main  canal 64 

Measurement  of  water _ 65 

Automatic  water  register _ 65 

Sale  and  distribution  of  water 67 

Domestic  system 69 

Gage  canal  system 70 

^      History.. 70 

Water  supply 78 

Diverting  dam 85 

Headgatee 86 

Cement  lining , 88 

Capacity 89 

Diversions 92 

East  Riverside 92 

Arlington  Heights 92 

Pipelines    .   93 

San  Jacinto  Land  Company 94 

Duty  of  water 94 

Cost..  ' 95 

Index,  note  concerning 95 

5 


ILLUSTRATIONS. 


Pa«e. 

Platk  I.  Map  of  Redlands  and  San  Bernardino . 11 

II.  A,  General  view  of  framework  of  screen  for  protecting  orchards 

from  frost  at  Riverside;  B,  Frost  screen  as  seen  from  beneath ...        16 
IIL  A,  Navel  orange  grove  at  Riverside,  San  Bernardino  Valley;  B, 

Magnolia  avenne.  Riverside 18 

IV.  A,  Orange  grove,  showing  method  of  basin  irrigation;  B,  Canal 

of  Riverside  Water  Company  near  Riverside 20 

V.  A,  Santa  Ana  River  below  Rincon;  B,  Division  box  of  Santa 

Ana  and  Anaheim  canals  below  Rincon 22 

VI.  Ay  Artesian  wells  of  Riverside  Water  Company;   B,  Artesian 

wells  and  aerating  basin  of  Riverside  Water  Company ...  22 

Vil.  Ay  Flowing  wells  of  Gage  canal  system,  valley  of  Santa  Ana 

River:  By  Flnme  and  inverted  siphon  of  Jurupa  canal 28 

VIII.  .4,  Pnmping  plant  near  E'.  Monte;  By  Air  pumping  plant  near 

Colton 44 

IX.  Ay  Headworks  of  Riverside  canal  in  Warmsprings  Creek;   By 

Headworks  weir  of  Riverside  Water  Company 62 

X.  Ay  Lining  Riverside  Water  Company's  canal  with  cement  plaster; 

By  Cemented  canal  of  Riverside  Water  Company > .        64 

XI:  .4,  Well  No.  43  of  Gage  canal  system;   B,  Method  of  capping 

artesian  well  of  the  Gage  system . . 70 

Fig.  1.  Plan  of  city  of  Colton  pnmping  plant,  showing  group  of  wells  oper- 
ated by  one  centrifugal  pump .        44 

2.  Diagram  show  ng  relation  of  rainfall  to  developed  water  at  Red  Hills.        56 

3.  Plan  showing  arrangement  of  head  gates  of  Gage  canal 86 

4.  Section  of  headworks  of  Gage  canal 87 

5.  End  elevation  of  measuring  weir  on  Gage  canal 87 

6.  Section  of  tunnel  No.  1 ,  in  earth,  of  Gage  canal  system 87 

7.  Section  of  tunnel  in  rock  on  Gage  canal  system 88 

8.  Plan  of  bulkhead  and  orchard  lateral  connection  on  Gage  canal 

system _ . .,        88 

9.  Cross  section  of  bulkhead  and  orchard  lateral  connection  on  Gage 

canal  system 89 

10.  Longitudinal  section  of  bulkhead  and  orchard  lateral  connection 

on  Gage  canal  system 89 

11.  Plan  showing  junction  of  canal  and  flnme  on  Gage  canal  system  ...        90 

12.  Longitudinal  section  of  canal  and  flume  on  G^ge  canal  system 90 

13.  Section  of  flume  and  treat  le  on  Gage  canal  system 91 

14.  Cross  sections  of  Gage  canal 91 

7 


LETTER  OF  TRANSMITTAL. 


Department  op  the  Interior, 
United  States  Geological  Survey, 

Division  of  Hydrography, 
Washington,  D.  C,  June  29,  1901. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  concerning 
the  development  and  application  of  water  in  southern  California, 
prepared  by  Mr.  J.  B.  Lippincott,  resident  hydrographer  for  this  Sur- 
vey in  California.  This  paper  describes  the  general  conditions  of 
wat^r  supply  in  an  important  and  densely  populated  agricultural 
area,  where  water  has  probably  the  greatest  value  for  irrigation  of 
any  part  of  the  United  States.  The  data  are  of  particular  interest 
because  of  the  development  made  during  the  series  of  dry  ^ears 
which  culminated  in  1890.  Every  possible  expedient  was  resorted  to 
for  economizing  or  increasing  the  supply  of  water;  tunnels  were 
driven  into  the  hills,  dams  were  built  to  bed  rock  in  the  canyons, 
and  wells  were  dug  or  drilled  throughout  the  valleys.  Almost  every 
conceivable  device  for  pumping  water  has  been  employed  and  great 
ingenuity  displayed  in  bringing  water  to  the  orchards  and  more 
valuable  crops. 

The  details  of  some  of  the  works  and  wells  have  been  brought 
together  by  Mr.  Lippincott  and  form  an  exhibit  of  results  accom- 
plished under  conditions  where  water  has  great  value.  The  results 
are  instructive,  as  showing  what  may  be  done  in  other  parts  of  the 
United  States  under  favorable  conditions  of  climate  and  soil,  and 
have  peculiar  interest  in  an}^  consideration  of  the  extent  to  which  the 
Arid  Lands  can  ultimately  be  redeemed  by  irrigation. 
Very  respectfully, 

F.  II.  Newell, 
Hydrographer  in  Charge, 

Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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DEVELOPMENT  AND  APPLICATION  OF  WATER  NEAR  SAN 
BERNARDINO,  COLTON,  AND  RIVERSIDE.  CAL 

PART   I. 


By  Joseph  Barlow  Lippincott. 


GlIKEBAIi  liOCATION  AI^D  TOPOGRAPHY. 

Owing  to  the  uniformity  and  mildness  of  its  climate,  the  grandeur 
and  diversity  of  its  scenery,  and  the  great  variety  and  vigor  of  its 
vegetation  when  furnished  with  moisture  by  irrigation,  southern  Cali- 
fornia has  become  the  pleasure  ground  of  the  United  States.  In  its 
semitropical  valleys,  lying  between  snow-capped  mountains  and  a 
mild  sea,  art,  refinement,  and  wealth  have  combined  to  make  beauti- 
ful homes.  The  narrow  strip  of  land  lying  between  the  mountains 
and  the  sea  is  fast  becoming  the  Riviera  of  America.  San  Bernardino 
Valley  is  its  garden,  furnishing  many  varieties  of  deciduous  and  semi- 
tropical  fruits  for  Eastern  and  domestic  markets.  Riverside  and 
Redlands  are  the  two  principal  centers  of  fruit  production. 

This  valley  is  protected  from  the  cold  winds  off  the  desert  on  the 
nortih  and  east  by  the  Sierra  Madre  and  San  Bernardino  Range,  the 
derivations  of  the  crests  of  which  vary  from  5,000  to  10,000  feet.  To 
the  south  and  west  the  valley  is  inclosed  by  low  mountains,  which 
form  a  secondary  coast  range,  the  highest  peaks  of  which  are  in  the 
Temescal  Range  to  the  south,  the  lowest  in  the  San  Jose  and  Puente 
hills  to  the  west.  The  latter  separate  San  Bernardino  Valley  from 
San  Gabriel  Valley  and  the  Santa  Ana  coastal  plain.  San  Bernardino 
Valley  somewhat  resembles  a  right-angled  triangle,  the  apex  being  at 
the  point  where  Santa  Ana  River  leaves  the  mountain  range,  the  base 
extending  from  Corona  to  Lordsburg,  24  miles  distant,  the  right  angle 
being  at  Corona,  and  the  height  32  miles.  The  area  of  the  valley  is 
563  square  miles.  The  streams  enter  it  from  the  north  and  east,  com- 
ing from  the  Sierra  Madre  and  the  San  Bernardino  Mountains,  with 
the  exception  of  San  Timoteo  Creek,  which  discharges  about  1  second- 
foot  in  summer,  and  Temescal  Creek,  which  irrigates  3,000  acres. 

The  Riverside  district  is  on  the  south  side  of  the  valley  and  is  irri- 
gated from  return  water,  from  pumping  plants,  and  from  artesian 
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wells.  The  city  of  San  Bernardino  and  its  snrronnding  neighbor- 
hood are  similarly  supplied,  supplemented  also  by  Lytle  Creek. 
Corona  is  irrigated  from  Temescal  Creek  and  from  local  wells,  sup- 
plemented by  a  pumping  plant  and  pipe  line  from  the  water-bearing 
lands  of  San  Jacinto  Valley.  All  of  the  remaining  orchards  and 
gardens  of  San  Bernardino  Valley  are  on  the  northern  and  eastern 
edge  of  the  valley  and  are  supplied  from  local  mountain  drainage 
basins. 

During  years  of  average  stream  flow  the  duty  of  water  for  citrus 
fruits  may  be  taken  at  from  5  to  8  acres  to  the  minors'  inch  (0.02  second- 
foot),  continuous  flow,  when  good  service  is  rendered,  and  double  that 
area  when  used  for  deciduous  trees. 

All  of  the  streams  issuing  from  the  north  side  of  the  valley  have 
assisted  in  building  up  a  bench-like  mesa  of  debris  cones  of  granite 
material,  which  varies  in  elevation  from  800  to  1,200  feet  above  the 
thalweg  of  the  valley.  The  northern  rim  of  the  valley  at  the  foot- 
hills is  at  an  elevation  about  2,000  feet  above  sea  level  and  the  south- 
ern rim  at  an  elevation  of  approximately  1,200  feet.  On  the  southern 
side  of  the  valley  the  mesa  which  lies  next  to  the  foothills  is  formed 
to  a  large  extent  from  disintegrated  granite  mingled  with  red  clays 
from  San  Timoteo  Canyon  and  adjoining  hills.  Upon  this  l)ench  are 
Riverside  and  Redlands,  and  it  is  from  the  red  soil  that  the  latter 
district  derives  its  name.  The  Riverside  bench  is  from  100  to  300  feet 
above  the  riverbed  and  from  850  to  1,000  feet  above  sea  level.  It  is 
20  miles  long  and  about  5  miles  wide. 

Water  is  the  life  blood  of  the  land.  Without  it  there  can  be  no 
substantial  growth,  except  occasional  crops  of  grain,  and  this  region 
would  become  a  semidesert.  We  therefore  find  (see  map,  PL  I)  the 
towns  and  orchards  clustered  around  the  mountain  edges,  the  can- 
yons from  which  the  streams  issue,  or  in  the  lower  depressions  of 
the  valley  toward  which  the  underground  and  return  water  from 
irrigation  gravitate,  to  appear  again  for  use  on  the  surface,  as  at 
Col  ton  and  Rincon.  The  intermediate  lands  remain  mostly  unused 
and  uncultivated,  a  few  cattle  to  the  section  or  an  occasional  crop  of 
grain  being  all  they  will  support.  The  highly  productive  portion  of 
the  valley  is  limited  by  the  amount  of  water  that  is  available  for 
irrigation.  All  of  the  summer  and  much  of  the  normal  winter  flow 
of  the  streams  has  now  been  appropriated  and  diverted,  and  it  would 
seem  that  the  valley  had  reached  its  limit  of  irrigated  land  from 
that  source.  However,  in  the  lower  valley  lands  the  extensive  sat- 
urated gravel  beds  will  be  drawn  upon  to  supplement  the  surface 
supply,  especially  during  dry  years.  The  precipitation  occurs  almost 
entirely  between  November  and  April,  and  in  normal  years  varies 
from  10  inches  in  the  valley  to  50  inches  on  high  mountains.  The 
minimum  is  as  low  as  33  per  cent  and  the  maximum  as  high  as  200 
per  cent  of  the  mean.     The  discharge  of  the  streams  is  relatively  large 
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in  winter  and  low  in  summer.  The  increase  of  the  summer  water 
supply  is  dependent  upon  the  construction  of  reservoirs  in  the  moun- 
tains, to  store  the  winter  storm  water,  or  upon  the  development  of 
water  by  wells  or  excavations  in  the  valley  lands. 

The  map  accompanying  this  report  (PI.  I)  shows,  by  shaded  areas, 
the  land  actually  under  irrigation  and  supplied  or  partially  supplied 
with  water  during  the  summer  of  1900.  No  effort  has  been  made  to 
distinguish  between  good  and  poor  water  supplies.  The  irrigated  areas 
were  determined  by  actual  field  observations,  those  in  the  Redlands 
quadrangle  by  Mr.  Louis  Mesmer,  and  those  in  the  San  Bernardino 
quadrangle  by  Mr.  C.  J.  Roney,  both  of  Los  Angeles.  The  various 
irrif^^ation  canals  and  the  principal  distribution  lines  are  also  indi- 
cated on  the  map,  as  well  as  the  locations  of  the  power  plants  on  Santa 
Ana  River  and  Mill  Creek,  the  approximate  location  of  the  water 
plane  for  the  summer  of  1900,  and  the  locations  of  the  wells.  The 
numbers  on  the  map  correspond  with  the  numbers  of  the  wells  in  the 
table  on  pages  115  to  134  (Part  II).  Where  isolated  wells  occur  and 
the  information  is  not  sufficient  to  contour  the  water  plane,  its  ele- 
vation is  given  (black  figures)  on  the  map. 

SOIL. 

The  soil  of  the  valley  is  of  two  distinct  classes,  the  bench  or  delta- 
like lands  around  the  rim  of  the  valley  and  the  moist  bottom  lands. 
The  former  merge  from  mere  piles  of  rocky  bowlders  and  sand  con- 
taining little  humus  or  soluble  matter  but  which  are  capable  of  grow- 
ing orchards,  to  sandy  loams  such  as  are  found  around  Riverside. 
They  are  very  deep  and  apparently  of  the  same  chemical  composition 
in  the  lower  strata  as  at  the  surface.  They  are  wiann  and  porous,  and 
on  such  surface  gradients  that  they  are  well  drained,  so  that  there  is 
no  danger  to  either  the  crops  or  the  health  of  the  cultivator  from  a 
rising  and  stagnant  water  plane  with  its  accompanying  alkali.  Prof. 
E.  W.  Hilgard,  professor  of  agriculture  at  the  University  of  Cali- 
fornia, furnishes  the  following  analyses  of  the  Riverside  soil  and 
subsoil: 

Analyses  of  soil  and  subsoil  at  Riverside, 


Coarse  materials 

Fine  earth 

Inaolnble  matter 

Soluble  silica 

Potash 

Soda 

Lime 

Magnesia 

Brown  oxide  manganese 
Peroxide  iron 
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depth  12 

inches. 


Per  cent. 
80.000 
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76.410 
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,860 
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depth  9 
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Per  cent. 

23.  ax) 

77.000 
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.  360 

1.727 
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depth  12 
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Alumina 

Phosphoric  acid 

Sulphuric  acid 

Water  and  organic  matter 

Total 

Humus —  ... 

Available  inorganic  matter 
Available  i)hosphoric  acid 
Hygroscopic  moisture  ab- 
sorbed at  16«C 


Per  cent. 

5.296 
.141 
.001 

1.600 


Subsoil, 

depth  9 

to  10  feet. 


Per  cent. 

6.078 
.159 
.001 

1.440 


100. 172 
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In  the  lower  portions  of  the  valley,  where  the  water  comes  to  the 
surface,  the  land  is  moist  enough  for  cultivation  without  irrigation. 
Fields  of  alfalfa  are  thus  grown  around  San  Bernardino,  Colton,  and 
Rincon,  and  it  is  upon  land  of  this  chamcter  that  the  Chino  beets  ai*e 
raised.  Where  the  subdrainAge  is  poor  the  continuous  evaporation 
from  the  surface  of  the  soil  of  water  that  is  but  slightly  chained  with 
sodium,  carbonate,  and  sulphate  will  ultimately  produce  an  alkali 
soil.  This  has  occurred  frequently  in  these  localities.  It  is  claimed, 
however,  that  the  sugar  beet  will  thrive  on  land  somewhat  alkaline, 
and  this  is  said  to  have  been  demonstrated  at  Chino.  In  these  bottom 
lands  some  adobe  is  found,  but  it  does  not  cover  extensive  areas.  The 
remedy  for  this  alkali  condition  will  probably  be  found  in  drainage 
and  in  the  use  of  gypsum. 

Clil^LA^TE. 

It  has  been  said  of  southern  California  that  every  township  has  a 
distinct  climate.  It  has  taken  years  of  time  and  the  expenditure  of 
thousands  of  dollars  to  determine  the  frost  line.  There  is  no  pro- 
tracted cold  weather  in  San  Bernardino  Valley.  A  temperature  of  26° 
F.  maintained  for  several  hours  will  freeze  and  ruin  an  orange  or 
lemon  crop,  a  temperature  of  18°  will  kill  young  trees,  and  a  temper- 
ature of  14°  maintained  over  night  is  sufficient  to  kill  old  trees.  These 
low  temperatures  are  reached  only  during  the  night.  The  isotherms 
follow  topographic  contours  within  certain  limits.  The  frost  and  cold 
settle  into  the  relatively  low  lands,  but  other  local  conditions  tend  to 
modify  this  physical  plienomenon. 

The  air  over  the  desert  east  of  the  mountains  is  raised  to  a  rela- 
tively high  temperature  during  tlie  daytime  and  is  forced  upwai*d. 
In  the  citrus  belts  frost  usually  occurs  when  a  high  barometric  pres- 
sure exists  over  the  desert,  producing  winds  away  from  that  locality. 
The  air  currents  that  are  forced  over  the  higher  mountains  are 
chilled  and  frost  is  found  along  the  depressions  of  the  canyons  lead- 
ing from  their  crests,  while  the  drafts  of  desert  air  passing  through 
the  low  passes  are  warmer.  The  areas  affected  by  frost  vary  from 
year  to  year  and  no  exact  isotherms  can  be  drawn  for  all  years.  After 
entering  the  valley  the  cold  air,  being  relatively  heavier,  gravitates 
to  the  lower  levels.  The  north  wind  from  the  Cajon  Pass,  which  pix)- 
tects  Rialto,  Rivei-side,  and  Bloomington,  seems  to  force  the  colder 
air  which  gravitates  toward  the  lower  portions  of  the  valley  areund 
Colton  into  the  extreme  lower  portion  of  Santa  Ana  Valley. 

Up  to  elevations  of  2,000  feet  the  relatively  high  lands  are  free  from 
frosts  and  the  relatively  low  lands  are  subject  to  it.  For  instance,  in 
the  Del  Rosa  and  West  Highlands  districts  the  lands  south  of  the 
track  of  the  Soutliern  California  Railroa<i  are  considered  unsafe  for 
oranges  while  tliose  above  it  are  relatively  free  from  frost.     The 
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neighborhood  of  the  town  of  San  Bernardino  has  been  largely  aban- 
doned as  a  citrus  district  and  coiiverteil  into  dairy,  vegetable,  and 
deciduous-fruit  farms.  This  determination  of  the  frost  line  is  a  sub- 
ject of  vitAl  importance  to  those  intending  to  cultivate  citrus  fruits, 
and  can  not  be  studied  with  too  much  cai'e.  After  orchards  have 
been  developed  it  has  often  been  found  that  they  are  not  within  the 
thermal  belt,  and  vigorous  efforts  have  been  made  to  remedy  the  evil. 
Thermometers  which  ring  alarms  when  the  mercury  drops  below  32° 
have  been  constructed  and  placed  in  the  orchards.  A  common  prac- 
tice is  to  burn  brush  or  coke,  or  otherwise  produce  a  smoke,  so  as  to 
raise  the  temperature  a  few  degrees  and  prevent  freezing.  Wind,  if 
there  be  any,  tends  to  mitigate  the  frost.  In  some  localities  ignited 
jets  of  crude  oil  or  distillate,  15  to  the  acre,  have  been  tried  and  have 
raised  the  local  temperature  3°,  but  even  this  is  uncertain,  for  the 
wind  blows  away  the  warmer  air  and  the  biyning  oil  smuts  the  trees. 
When  this  method  is  adopted  oil  tanks  are  placed  in  the  orchard  and 
distribution  pipes  are  laid  to  the  jets  throughout  the  groves.  A  unit 
of  water  in  freezing  gives  off  sufficient  latent  heat  to  raise  the  tem- 
perature of  au  equal  unit  of  water  142°  F.  In  order  to  use  the  latent 
heat  thrown  off  in  freezing,  Mr.  A.  J.  Everett,  of  Riverside,  tried  dis- 
charging sprays  of  water  above  the  trees  when  the  temperature  of  the 
atmosphere  fell  below  32°.  The  result,  however,  was  a  failure,  the 
trees  becoming  coated  with  ice  and  the  limbs  being  broken,  with  no 
resultant  benefit. 

The  most  successful  efforts  in  the  protection  of  orchards  from  frosts 
have  been  those  of  Mr.  Everett,  who  covered  15  acres  of  orchard  with 
lath  fencing,  half  the  space  being  open,  as  shown  in  PI.  II.  The  day 
temperature  under  the  screen  is  found  to  be  as  high  as  that  outside. 
The  theory  is  to  hold  the  day  temperature  of  the  earth  under  the 
screen  as  long  as  i)ossible  at  night,  or  in  other  words  to  impede  radi- 
ation. The  shade  afforded  by  the  screen  also  tends  to  prevent  rapid 
thawing  of  the  fruit  and  the  expansion  of  the  liquid  in  the  fruit  cells 
at  sunrise,  which  bursts  the  cells  and  spoils  the  fruit.  Without  fires 
under  the  screen  the  night  temperature  is  held  6°  above  that  of  the 
outside  atmosphere.  In  one  instance,  with  an  outside  temperatui-e  of 
19°  and  with  ten  coke  fires  to  the  acre  distributed  under  the  screen 
in  wire  i)ots  holding  about  1  cubic  foot  each,  the  temperature  under 
the  screen  was  kept  at  29°  during  the  night,  and  it  is  said  that  it 
could  have  been  kept  at  32°  except  for  carelessness.  In  the  fall  of 
1897,  75  trees  in  the  coldest  portion  of  an  orchard  were  covered  and 
the  crop  was  saved.  Part  of  the  trees  were  covered  with  canvas  over 
the  lath  and  part  with  lath  only,  the  results  being  equally  bene- 
ficial. Outside  the  screen  both  crop  and  trees  were  frozen  and  in 
some  instances  the  trees  were  killed.  Inside  the  screen  the  St.  Michael 
oranges,  the  most  delicate,  were  saved.  The  crop,  however,  does  not 
ripen  as  quickly  under  the  screen  as  outside.     With  lumber  at  $20  a 
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thousand  the  cost  of  building  the  screen  is  approximately  $425  to  the 
acre.  The  uprights  are  3  inches  by  4  inches  by  15  feet  high,  and  are 
set  21.2  feet  apart.  The  top  members  are  two  1-inch  by  4-inch  boards 
edged  in  T  shape.  The  top  of  the  screen  is  of  lath  commonly  used 
for  chicken-yard  fences,  openings  the  width  of  the  lath  being  left 
between  them.  The  high  cost  of  this  cover  has  prevented  its  being 
generally  used. 

A  more  even  temperature  exists  nearer  the  seacoast  than  in  San 
Bernardino  Valley,  and  for  winter  vegetables  and  deciduous  fruits 
that  may  be  the  better  location,  but  not  for  citrus  fruits.  In  the  inte- 
rior valley  the  temperature  during  the  summer  rises  from  30°  to  40° 
higher  than  on  the  coast,  and  high  temperatures  are  necessary  for  the 
production  of  a  sweet  fruit.  The  cooler  coast  temperatures  and  fogs 
also  tend  to  cause  the  citrus  fruits  to  grow  a  thick-skinned,  pulpy- 
celled  lining.  The  higher  temperatures  are  also  unfavorable  to  the 
scale  pest,  which  is  the  insect  enemy  to  citrus  fruits.  The  black  scale 
exudes  a  sticky  substance,  which  falling  on  the  leaves  and  fruit 
retains  the  dust  and  gives  the  trees  and  fruit  a  dirty  appearance.  In 
the  interior  valleys  the  scale  is  not  found.  Generally  si)eaking,  in 
southern  California  the  best  citrus  fruit  is  grown  30  or  more  miles 
fi-om  the  coast,  on  the  western  slope  of  the  mountains,  and  at  ele- 
vations from  600  to  1,800  feet  above  sea.  The  conditions  mentioned 
have  greatly  restricted  the  area  where  citrus  fruits  can  be  grown  at  a 
profit,  and  this  area  may  be  said  to  be  decreasing  rather  than  mcreas- 
ing.  The  general  development  of  the  country  and  improved  tran.s- 
portation  facilities  are  tending  to  enhance  the  value  of  really  first-class 
citrus  lands.  It  must  be  rememlx^red  that  the  determination  of  tlie 
frost  line  has  been  a  slow  process,  but  it  is  gradually  being  located, 
and  the  newer  groves  are  planted  in  more  propitious  places.  The 
groves  located  within  the  frost  belt  are  chiefly  old  seedlings,  now  in 
full  bearing,  so  that  the  loss  from  freezing  is  relatively  much  larger 
now  than  it  will  be  ten  years  hence,  for  the  old  orchaini  lands  that 
have  been  found  frosty  will  be  put  into  different  crops  or  their  water 
rights  be  transferred  to  other  and  better  located  lands.  It  is  safe  to 
say  that  throughout  San  Bernardino  Valley  much  more  land  will  ha 
found  adapted  to  this  class  of  horticulture  than  the  water  supply  will 
serve. 

From  the  following  tables  of  rainfall  and  temperature  it  will  be 
seen  that  during  the  summer,  or  growing  season,  there  is  an  absence 
of  rain.  In  fact,  from  April  1  to  November  1  there  is  practically  con- 
tinuous sunshine.  The  atmosphere  also  is  very  dry.  These  two  con- 
ditions produce  a  rapid  plant  growth  when  water  is  abundantly  sup- 
plied by  irrigation.  Vegetation  develops  with  much  greater  rapidity 
under  these  conditions  than  at  similar  latitudes  in  the  Eastern  States. 
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Table  of  temperatures,  in  degrees  Fahrenheit ^  at  Riverside.^ 
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79.75 
03 
73.2 
90 


60.37 
44 
47.6 
38 


June. 


a 

0 

a 


a 

0 

a 

^^ 

a 

•*« 


108  44 

67.6 
68.2 
70.8 
63.8 
71.4 


00.391 
100 

99 
102 


56.40 
48 
46 
46 


Tear. 


8M) 

MJl, 
HW2. 


M>6 
900 


July. 


a 

0 

a 

H 

cS 


mean ... 
mean ... 
mean  ... 
mean  ... 
mean . . . 


109 


a 

0 

a 

0 

S 


50 


78.2 
73.1 


.1 
I 


74.8 
75.2 


91. 
102 
106 
108 


74.8 


651 


76.02 
60 
62 
49 


Anjr. 


a 

0 

a 
9 


105 


a 

0 

J 

0 

9^ 


77.8 
74.3 
75.7 
74.4 
75.2 


99.00i 
108 
111 
108 


57.90 
52 
61 
49 


Sept. 


a 

0 

a 
3 


104 


a 

0 

S 


49 


87. 
100 
112 
107 


70.0 
70.4 
66.5 
71.6 
71.6 


64 


64.68 
46 
47 
62 


Oct. 


a 

0 

a 

s 

P9 


97 


a 

0 

a 
-a 

S 


88 


83.08 

84 

100 

94 


66.6 
62.0 
62.0 
64.8 
66.0 


52.23 
42 
41 
40 


Nov. 


a 

0 
M 


96 


68 
69 


a 

0 

a 

•mm 

0 

•r* 


X^wCa 


a 

0 

a 

•9* 

M 


36 


4 

5 
54.0 
61.5 
56.6 


a 

0 

a 
-a 

3 


70.(18 
80 
93 
84 


64.51 
35  I 
J6      ' 

38      I 


78 
48 
61 
54 
53 
51 

68.57 

86 

80 

84 


34 


3 
0 
0 
2 
4 


43.47 
27 
31 
35 


*  Authority,  Weather  Bureau. 
Beeord  of  precipitation,  in  inches,  at  Riverside* 


Tear. 

Sept 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

Apr. 

Bfay. 

June. 

July. 

Aug. 

Total. 

1880^1 

0.00 
.10 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.09 
.79 
.13 
.00 

1.27 
.20 
.00 
.00 
.09 
.08 
.00 

0.00 
.40 
.13 
.97 
.12 
.02 
.00 
.75 
.00 

1.35 
.13 
.08 
.29 

1.08 
.06 
.00 

2.07 

1.67 
.00 

1.05 

0.20 

.25 

.29 

.00 

.12 

1.34 

.54 

.87 

2.83 

1.82 

.32 

.00 

.28 

.67 

.00 

1.26 

1.48 

.02 

.00 

.68 

2.26 

.40 

.20 

2.25 

2.66 

.62 

.04 

.86 

3.87 

7.10 

3.21 

1.29 

.94 

2.06 

5.22 

.24 

.92 

.95 

.62 

.68 

0.48 

1.70 

.09 

.84 

.n 

2.68 

.13 

4.17 

.87 

4.44 

.13 

.00 

3.01 

.69 

6.48 

1.72 

8.38 

1.41 

1.81 

1.11 

0.25 

1.40 

.83 

7.94 

.00 

1.38 

3.30 

1.05 

1.30 

1.96 

6.36 

2.60 

1.95 

.33 

1.00 

1.00 

3.07 

.16 

.52 

.00 

1.30 
1.06 

.89 
6.56 

.01 
1.96 

.02 
3.84 
5.10 

.00 

.40 
1.07 
6.71 

.70 
2.54 
3.16 
1.62 

.62 
1.13 
1.11 

0.74 

.72 

.26 

1.67 

2.15 

1.43 

1.70 

.18 

1.83 

.06 

1.04 

.00 

.20 

.00 

.29 

.56 

.08 

.24 

.10 

1.32 

0.03 
.08 
.25 

1.90 
.24 
.00 
.17 
.05 
.25 
.09 
.46 

1.32 
.04 
.00 
.26 
.58 
.08 
.30 
.08 

1.04 

0.00 
.18 
.00 
.52 
.00 
.00 
.02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.53 
.00 

0.00 
.00 
.00 
.00 
.ft) 
.00 
.00 
.00 
.00 

.ft) 

.00 
.00 
.33 
.00 
.00 
.01 
.00 
.00 
.00 
.00 

0.00 
.00 
.00 
•3.00 
.00 
.00 
.00 
.00 
.00 
.05 
.00 
.00 
.00 
.26 
.00 
.02 
.04 
.00 
.00 
.00 

6.26 

l>«l-82 

1S82-83 

6.31 
2.94 

l»<J-*4 

25.74 

18^4-86 

6.97 

18H5-86 

9.42 

l»«6-87 

5.92 

1K87-88 

11.75 

lhH8-89 

15.65 

ls«9-go 

18.26 

1N90-91 

iwn-92 

1883-93 

12.84 

6.44 

12.79 

l?«c3-94 

7.05 

li<»4-95 

lS9i>-96 

16.13 
7.64 

lKy6-97 

12.64 

lW-98 

6.46 

1898-99 

6.00 

li«9-1900 

6.89 

Mean ^.....  ... 

10.00 

»HaiL 


1KB  59—02 2 
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Record  of  precipitation^  in  inches^  at  San  Bernardino, 


Year. 

Sept 

Oct. 

Nov. 

Deo. 

Jan. 

Feb. 

Mar. 

Apr. 

Bfay. 

0.82 
.42 
.62 

1.18 
.81 

1.67 

2.10 
.08 
.66 
.44 

1.00 
.01 

1.08 
.19 
.00 

Jane. 

Joly. 

Aug. 

TotaL 

1885-86 

0.00 
.00 
.00 
.00 
.11 
.88 
.98 
.00 
.05 
.87 
.00 
.00 
.18 
.00 
.01 

0.30 
.00 

1.17 
.05 

2.30 
.58 
T. 
.16 

1.05 
.16 
.00 

2.10 

2.10 
.08 
.81 

4.86 

.11 

2.20 

4.12 

2.23 

1.27 

T. 

1.02 

.30 

.00 

1.14 

.98 

.21 

.05 

1.47 

1.80 

.61 

1.01 

4.64 

10.85 

8.02 

1.67 

2.23 

2.28 

7.25 

.66 

1.09 

.57 

.44 

.84 

6.84 

.80 
4.01 

.93 
6.44 

.00 
8.24 
4.63 
1.26 
7.30 
2,03 
3.40 
2.10 
2.06 

.92 

2.62 

6.44 

3.60 

1.60 

2.62 

7.78 

8.30 

S.87 

.88 

1.14 

.00 

5.40 

.60 

.61 

.00 

4.18 
4.41 
3.41 
6.65 

.80 

.06 
1.76 
8.00 
1.16 
3.44 
2.92 
3.41 

.97 
3.22 

.12 

2.36 
1.90 
.58 
2.05 
.00 
.53 
.87 
.48 
.¥} 
.64 
.87 
.08 
.48 
.07 
.OS 

0.16 
.22 
.08 
.00 
.00 
.00 
.08 
.00 
.00 
.00 
.00 
.00 
.00 
.95 
.00 

0.00 
.11 
.00 
.17 
.18 
.00 
.00 
.20 
.00 
.00 
T. 
T. 
.00 
.00 
.60 

0.00 
.04 
.00 
.68 

2.16 
.91 
.00 
.00 
.16 
.00 
.17 
.00 
.00 
T. 
.00 

21.83 

1886-87 

1887-88 

14.60 
17.76 

1888-80 

1880-00 

20.97 
25.45 

1890-91 

1891-92 

18.06 
14.85 

1892-98 

19.82 

1803-94 

8.13 

1804-06 

1805-96 

20.98 
8.11 

1896-07 

16.74 

1807-98 

1888-99 

8.24 
7.49 

1899-1900 

4.60 

Mmui 

15.14 

Record  of  prectpitation,  in  inehea,  at  Colton, 


Tear. 

Sept. 

Oct. 

Nov. 

X^OO« 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

TotaL 

1885-86 

1886-87 

0.00 
.00 
.00 
.00 
.04 
.67 
.00 
.00 
.00 
.46 
.00 

% 

.00 
.00 

0.00 

00 

.00 

.00 

1.69 
.00 
.00 

Tis" 

.15 

.00 
2.28 
2.20 

T. 

.00 

1.92 
.80 
.70 

2.37 

1.26 
.19 
.00 
.90 
.22 
.00 

1.16 
.94 

'I 

1.96 

0.52 

.00 

.80 

a26 

7.41 

2.46 

.87 

1.46 

1.08 

5.70 

.00 

1.11 

.80 

.46 

.65 

2.78 

.21 

1.43 

.86 

.94 

.00 

2.27 

2.40 

.20 

2.88 

.10 

3.52 

1.48 

1.57 

1.06 

0.40 

8.64 

2.15 

.88 

1.15 

6.48 

3.36 

2.91 

.66 

1.00 

.00 

3.96 

.23 

.46 

.00 

3.54 

.00 

3.68 

4.47 

.50 

.25 

.80 

6.64 

2.00 

2.94 

2.91 

2.70 

.80 

1.65 

0.60 

1.94 
.43 

1.02 
.00 
.80 
.24 
.16 
.10 

1.08 
.25 
.00 
.10 
.00 

0.00 
T. 
.00 
.60 
.00 
.90 

1.44 
.00 
.50 

1.05 
.38 
.15 
.34 
.00 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.06 
.85 
.00 
T. 

0.00 
.00 
.00 
.00 
.00 
.00 
.00 
.30 
.00 
.00 
.00 
.00 
.00 
.00 

0.00 
.(» 
.00 
T. 
.06 
.00 
.00 
.00 
.00 
.00 
.10 
.00 
.00 
.00 

9.66 
6.50 

1887-88 

9.19 

1888-89 

1889-90 

13.46 
14.95 

1890-91 

11.74 

1891-92 

8.96 

1892-93 

14.76 

1893-94 

6. 68 

1894-95 

20. 2B 

1895-96 

1896-07 

6.90 
15.51 

1897-98 

5.45 

1898-99 

4.02 

1899-1900 

Mean 

10.51 

1 

T  indicates  trace. 


CROPS. 

The  distinctive  crop  of  San  Bernardino  Valley  is  citrus  fruits. 
Oranges  predominate,  followed  next  by  lemons,  and  of  late  years  the 
grape  fruit  has  become  a  popular  product.  The  favorite  variety  of 
orange  is  the  navel,  a  seedless  fruit  which  has  been  highly  developed 
at  Riverside.  Other  varieties  are  the  Mediterranean  Sweet,  the  St. 
Michael,  and  the  Malta  Blood.  These  all  are  budded  fruits  on  seed- 
ling roots.  PL  III,  A,  shows  a  bearing  grove  of  navel  oranges  at 
Riverside.  The  seedling  orange  that  was  at  first  planted  extensively 
is  not  now  popular.  Its  value  is  less  than  half  that  of  the  budded 
fruit.  The  seedling  tree  is  larger  and  longer  lived  than  the  budded 
varieties,  but  the  fruit  is  not  so  sweet  nor  so  highly  flavored.  The 
Eureka  and  Lisbon  are  the  favorite  varieties  of  lemon.  The  orange 
trees  bloom  in  March  and  the  crop  ripens  from  December  1  to  May  1. 
Some  varieties  of  lemon  trees  are  constantly  ripening  fruit,  a  heavier 
crop  being  borne  in  the  winter.  Olives,  almonds,  prunes,  apricots, 
peaches,  pears,  and  wine,  raisin,  and  table  grapes  are  all  grown  in  this 
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district  to  perfection  and  in  large  quantities.  Generally  speaking,  these 
are  planted  where  the  frost  line  debars  the  growth  of  citrus  fruits.  The 
citrus  trees  being  constantly  in  fruit  or  blossom  require  more  water 
than  deciduous  trees;  therefore  where  the  water  supply  is  limited 
deciduous  fruits  are  the  more  popular  crop. 

In  the  moist  lands  of  the  river  bottoms  near  San  Bernardino  dairy 
farming  is  generally  practiced,  the  products  being  disposed  of  to  the 
orchardist«  and  the  local  towns.  In  the  moist  lands  near  the  lower 
narrows  of  the  river  beets  are  grown  without  irrigation,  and  at  Chino 
there  is  a  beet-sugar  factory.  The  beets  grown  here  contain  from  16 
to  18  per  cent  of  saccharine  matter,  which  is  very  high  compared  with 
those  grown  in  Eastern  localities. 

An  inter^ting  feature  of  this  district  is  the  care  that  is  taken 
of  the  orchards.  No  weeds  are  permitted  to  grow,  and  the  lands  are 
evenly  sloped  to  true  grades.  Efforts  are  made  to  carry  out  artistic 
and  neat  effects  in  the  homes,  the  streets,  the  canals,  and  the  groves, 
as  will  be  seen  in  Pis.  Ill,  J5,  and  IV. 

In  the  eleven  years  prior  to  1898  Riverside  shipped  nearly  7,000,000 
boxes  of  oranges,  which  at  fair  figures  means  an  average  income  of 
<5l,000,000  a  year.  With  the  present  condition  of  the  orchards  an 
income  twice  as  large  may  fairly  be  expected.  There  were  4,000  car- 
loads of  citrus  fruits  shipped  from  Riverside  during  the  season  of 
1897-98.  The  annual  yield  there  in  1899  is  said  to  be  about  one-third 
of  the  entire  output  of  the  State.  Navel  oranges  during  the  last  ten 
years  (1890-1900)  have  averaged  at  Riverside  $1.50  a  box,*  and  Mediter- 
ranean Sweets  $1 .  25  to  $1 .  50  a  box ;  Malta  Bloods  and  St.  Michaels  have 
brought  somewhat  higher  prices.  The  production  of  the  lemon  has 
not  been  very  popular  in  the  past,  as  the  method  of  curing  it  was 
not  well  understood.  This  problem  has  now  been  mastered,  however, 
and  tlie  well-cured  California  lemon  ranks  with  the  best  Sicilian  prod- 
uct. The  United  States  imports  $5,000,000  worth  of  lemons  yearly, 
and  California  is  after  the  market.  Lemons  are  worth  about  $1  a  box, 
and  the  yield  of  trees  fifteen  years  old  is  from  five  to  eight  boxes  each. 

It  is  difficult  to  say  what  the  profits  of  citrus  fruit  culture  are.  It 
is  a  question  of  the  survival  of  the  fittest.  The  man  whose  crop  is 
frozen  every  third  year,  or  who  has  but  half  a  water  supply  in  dry 
years,  or  whose  trees  are  of  a  low  grade,  is  not  among  the  fittest.  For 
financial  success  these  conditions  must  be  relatively  i)erfect.  With 
these  conditions  satisfactory  he  should  average  10  per  cent  net  on  his 
investment  at  the  end  of  fifteen  years.  In  the  past,  when  prices 
were  higher  and  competition  less  severe,  there  doubtless  have  been 
many  cases  where  as  much  as  $500  or  $1,000  per  acre  per  season  has 
been  produced  from  an  orchard,  and  it  is  possible  that  these  figures 
may  again  be  reached,  but  they  are  not  a  proper  basis  for  estimates. 
It  costs  in  the  neighborhood  of  $900  an  acre  to  get  a  citrus  orchard  in 
bearing  condition,  including  land,  water,  and  interest  on  the  invest- 

•Prioes  are  f .  o.  b.  can. 
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ment.  Under  favorable  conditions  a  ten-year-old  orchard  should  pro- 
duce $200  gross  and  $100  net  per  acre.  Almost  without  exception  the 
policy  of  liviilg  in  the  Eastern  States  and  paying  kind  friends  or 
parental  corporations  to  attend  to  an  orchard  results  in  the  loss  of 
money  and  mutual  respect.  Under  the  best  conditions  it  takes  five 
or  more  years  of  hard,  patient,  and  intelligent  work  to  get  an  orange 
orchard  on  a  paying  basis.  It  is  not  a  poor  man's  business.  When 
success  comes  it  is  an  ideal  life  to  spend  one's  days  among  the  golden 
fruit  in  a  pleasant  land.  It  is  a  country  life  surrounded  by  cultivated 
neighbors  and  with  most  of  the  conveniences  of  the  city. 

In  the  Eleventh  Census  (1890),  under  Agriculture  by  Irrigation, 
page  33,  is  the  following  statement: 

In  average  value  on  June  Ist,  1890,  of  farm  land  irrigated,  |150  per  acre,  Cali- 
fornia leads  the  list,  Utah  coming  second,  with  $84.25  per  acre.  This  figure 
exhibits  perhaps  better  than  any  other  the  extraordinary  values  of  land  in  Cali- 
fornia arising  from  its  utilization  for  orchards  and  vineyards.  The  value  of  these 
ranges  from  $300  to  $500  and  upward  per  acre,  thus  greatly  raising  the  average 
value  of  irrigated  land,  which  of  course  also  includes  the  great  areas  devoted  to 
the  raising  of  hay  crops.  The  same  fact  is  exhibited,  though  perhaps  not  as 
clearly,  in  the  high  average  value  of  products  per  acre  in  1889  and  in  the  large 
average  fir^t  cost  of  water  rights,  $12.95  per  acre,  and  average  value  of  these  in 
1890,  $39.28  per  acre,  a  high  cost  and  value  being  justified  by  the  enormous  profits 
resulting  from  successful  fruit  culture.  In  short,  it  may  be  said  that  the  condi- 
tions in  California,  although  by  no  means  perfect,  have  produced  such  results  that 
they  have  served  to  stimulate  development  in  all  parts  of  western  United  States. 
Much  is  still  to  be  accomplished  by  the  subdivision  of  the  great  irrigated  holdings, 
this  state  standing  first  in  the  aggregate  area  and  average  size  of  irrigated  hold- 
ings of  over  160  acres  in  area.  These,  although  embracing  61.88  per  cent  of  the 
total  area  irrigated  are  not  of  as  great  relative  importance  as  in  Nevada  and  Wyo- 
ming, where  the  large  farms  are  devoted  mainly  to  the  forage  crops. 

What  is  true  of  the  State  as  a  whole  is  doubly  true  of  San  Bernar- 
dino Valley.  There  irrigation  and  horticulture  have  probably  reached 
higher  planes  of  development  than  in  anj'  other  irrigation  district. 

During  the  season  of  1900-1901  southern  California  shipped  7,664,626 
boxes  of  oranges  and  908,856  boxes  of  lemons,  worth  to  the  growers 
$5,750,000. 

PL  IV,  Ay  is  a  view  of  an  orange  grove  in  San  Bernardino,  show- 
ing a  method  of  irrigating  by  throwing  up  the  earth  so  as  to  construct 
around  each  tree  a  basin  in  which  water  is  turned  and  allowed  to 
stand  until  absorbed.  PI.  IV,  B,  shows  an  irrigation  canal  of  the 
Riverside  Water  Company  near  Riverside. 

WATER  SUPPIjY. 

The  rain  clouds  from  the  Pacific  Ocean,  passing  in  large  part  over 
the  lower  intervening  foothills  and  valleys,  are  condensed  on  being 
forced  up  and  over  the  high  crest  of  the  Sierra  Madre  and  the  San 
Bernardino  Mountains,  which  are  from  6,000  to  11,000  feet  in  elevation. 

The  precipitation  in  the  mountains  occurring  in  the  winter  months 
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is  largely  in  the  form  of  snow,  part  of  which  does  not  melt  until  the 
spring  months,  thus  maintaining  the  flow  of  the  streams  up  to  the 
first  of  May  at  a  relatively  large  volume.  Occasional  thunderstorms 
visit  the  higher  mountains  in  the  summer.  They  are  very  violent 
and  cause  a  sudden  rise  of  the  streams,  which  is  not  maintained. 
The  rainfall  of  the  valleys  is  about  15  inches  annually,  occurring  in 
nongrowing  months,  there  l)eing  little  or  no  precipitation  from  April 
1  to  November  1.  The  grades  of  the  drainage  lines  in  the  mountains 
are  very  steep,  affording  little  opportunity  for  storage  reservoirs. 
This  is  particularly  unfortunate,  as  more  than  three-fifths  of  the 
stream  flow  occurs  during  the  winter  months.  The  Bear  Valley 
reservoir  is  the  one  exception.  It  has  a  capacity  at  the  60-foot  con- 
tour of  40,476  acre-feet,  or  5,590  miners'  inches  (111.8  second-feet), 
flowing  for  six  months.  This  water  is  taken  to  the  Redlands  and 
Highlands  districts.  The  works  are  described  in  the  Nineteenth 
Annual  Rejwrt  of  the  United  States  Geological  Survey,  Part  IV,  pages 
584  to  598. 

With  the  exception  of  San  Timoteo  and  Temescal  creeks  all  of  the 
valley  streams  rise  in  the  Sierra  Madre  and  supply  more  than  90 
per  cent  of  the  water  used  in  the  valley.  There  are  threo  classes 
of  water  supply  available,  viz,  surface  streams,  underground  water, 
and  water  held  in  storage  reservoirs.  The  principal  stream  of  south- 
em  California  is  Santa  Ana  River.  From  the  mouth  of  its  mountain 
canyon  to  a  point  4  miles  east  of  Colton  it  has  a  grade  of  100  feet  to 
the  mile,  while  below  that  point,  to  the  lower  narrows,  the  grade  is 
but  27  feet  to  the  mile.  City  Creek  has  a  grade  for  the  first  5  miles 
below  its  canyon  of  100  feet  to  the  mile,  Lytle  Creek  a  grade  of  150 
feet,  and  San  Antonio  and  Cucamonga  creeks  a  grade  of  200  feet. 
The  grades  of  these  streams  are  still  heavier  in  their  granitic  moun- 
tain canyons,  and  during  flood  stages  they  have  carried  down  masses 
of  sand  and  bowlders  and  built  delta-like  benches  or  mesas  far  out 
into  the  center  of  the  valley,  the  finer  material  being  conveyed  farthest. 
In  this  way  the  valley  has  been  filled  to  a  depth  of  several  hundred 
feet.  In  their  course  over  these  deltas  the  winter  fioods  largely 
disappear  in  the  detritus  near  the  Yim  and  penetrate  in  part  under 
these  layers  of  clay,  thus  forming  reservoirs  of  ground  water  of 
unknown  but  great  capacity.  The  water  diverted  for  irrigation  at  the 
mouths  of  the  canyons  is  also  distributed  upon  porous  soils,  on  steep 
grades,  and  with  other  underground  bodies  of  water  gravitates  on  the 
heavy  prevailing  slopes  toward  the  center  of  the  valley.  One  and  a 
half  miles  northeast  of  Colton  is  an  outcropping  of  clay  known  as 
Bunker  Hill.  This  is  a  point  on  a  low  clay  ridge  bearing  approxi- 
mately S.  40°  E.,  connecting  with  the  foothills  on  the  south  side  of 
the  valley  east  of  and  near  the  mouth  of  Reche  Canyon  and  extend- 
ing northwest  along  the  west  bank  of  Lytle  Creek.  This  ridge  is  the 
lower  limit  of  the  upper  Santa  Ana  artesian  belt.    It  also  serves  to 
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force  to  the  surface  the  return  waters  from  irrigation  that  are  flowing 
or  percolating  westward  above  the  clay  cap.  Six-seventlis  of  the  water 
of  Riverside  is  obtained  from  underground  sources  above  this  range 
of  clay  hills.  This  ridge  was  probably  formed  by  the  folding  of  the 
floor  of  the  valley. 

A  somewhat  similar  condition  is  repeated  south  of  Chino,  at  Rincon, 
where  Santa  Ana  River  has  cut  its  way  through  the  lower  Coast 
Range.  At  this  point  the  underground  waters  from  Cucamonga,  San 
Antonio,  and  Temescal  creeks  as  well  as  the  return  waters  from 
irrigation  near  Pomona,  Ontario,  Corona,  and  Riverside  are  forced  to 
the  surface,  creating  wet  lands  and  rendering  a  water  supply  avail- 
able for  Anaheim,  Santa  Ana,  and  Fullerton.  Beyond  these  lower 
narrows  there  is  an  open  plain  to  the  sea,  and  the  Santa  Ana  makes 
no  further  reappearance,  except  in  an  artesian  district  below  the  100- 
foot  contour.  A  view  of  the  river  below  Rincon  is  shown  in  PL  V,  u4, 
and  a  view  of  the  division  box  of  the  Santa  Ana  and  Anaheim  canals, 
which  divert  water  from  the  river  below  Rincon,  in  PI.  V,  J?. 

This  artesian  and  x>ercolating  water  yields  a  very  uniform  flow.  The 
development  works  near  Colton  and  San  Bernardino  draw  from  this 
reservoir  as  a  spigot  draws  from  a  tank.  The  flow  is  relatively  uni- 
form, and  the  tank  is  filled  by  winter  floods  and  by  seex>age.  The 
greater  portion  of  the  hydrostatic  pressure  is  exhausted  in  overcoming 
the  large  amount  of  friction  expended  by  the  water  in  passing  through 
the  sand,  and  its  flow  comes  largely  under  the  law  of  hydraulics. 
The  capping  or  uncapping  of  numerous  wells  in  a  neighborhood  has 
little  immediate  effect  on  the  flow  of  any  well  until  the  fuU  dis- 
charge capacity  of  the  underground  conduit  is  approached.  When 
that  occurs  the  water  in  all  of  the  wells  is  lowered  and  pumping 
must  be  resorted  to.  PI.  VI  {A  and  B)  shows  a  group  of  artesian 
wells  of  the  Riverside  Water  Company  near  Colton,  in  the  Santa  Ana 
River  bottoms.  In  the  foreground  of  PL  VI,  £,  is  shown  an  aerating 
basin. 

The  velocity  of  underground  flow  is  extremely  difficult  to  compute. 
It  has  been  discussed  at  length  by  Professor  King  and  Professor 
Slichter,  of  Madison,  Wis.,*  and  by  Prof.  L.  G.  Carpenter,  of  Fort 
Collins,  Colo.*"  A  great  deal  depends  upon  the  size  of  the  particles 
composing  the  soil  and  the  way  in  which  they  are  mixed.  Cobbles, 
coarse  sand,  and  sandy  soil  mixed  in  equal  parts  is  more  impervious 
than  any  one  of  the  materials  singly.  Water  percolating  under 
ground  for  long  periods  often  establishes  underground  channels  from 
an  eighth  of  an  inch  to  10  inches  in  diameter,  then  ceases  to  percolate 
and  begins  to  flow  through  them.  These  conditions  tend  to  confuse,' 
because  most  of  the  formulas  that  have  been  presented  are  based  on 
soil  grains  of  distinct  sizes. 

*  Nineteenth  Ann.  Bept.  U.  S.  Geol.  Saryey«  Pt.  11. 

^  Balletin  No.  83  of  Ck>lorado  experiment  station.  Fort  Collins,  Ck>lo. 


IVER  BELOW  RINCON. 


DIVISION   BOX  □ 


0   AERATING   BASIN 


LIPPnsOOTT.] 


WATEB  8UPPLT. 


23 


The  flat  valley  area  above  Colton  comprises  132  square  miles,  and 
it  is  reasonable  to  estimate  that  100  square  miles  of  this  consists  of 
gravel  deposits  eroded  from  the  mountains.  These  gravels  are  of 
unknown  but  great  depths.  Numerous  wells  have  been  put  down  to 
a  depth  of  900  feet,  and  the  writer  does  not  know  of  bed  rock  being 
encountered.  If  this  gravel  bed  is  considered  to  have  an  average 
depth  of  300  feet  and  the  voids  or  interstices  therein  are  taken  at  33 
per  cent,  the  aggregate  storage  capacity  would  be  6,400,000  acre-feet. 
It  is  believed  to  be  greater  instead  of  less  than  this  amount.  As  the 
water  plane  is  drawn  down  throughout  this  mass  its  capacity  to  absorb 
subsequent  floods  at  its  rim,  where  the  mountain  streams  debouch,  is 
increased.  It  is  a  great  regulating  reservoir,  suf&cient  in  capacity  to 
carry  the  irrigation  communities  through  cycles  of  dry  years,  to  be 
recharged  during  those  of  copious  rainfall.  The  observations  of  the 
elevation  of  this  water  plane  will  be  of  value  in  making  comparisons 
at  a  later  date  to  determine  whether  the  present  rate  of  withdrawal 
is  permanently  lowering  it  or  if  in  wet  years  the  rainfall  is  sufficient  to 
recharge  the  reservoir  and  restore  it  to  its  former  level.  This  subject 
is  of  vital  interest  to  the  irrigators  of  the  valley.  From  data  now 
available  a  continuous  withdrawal  of  140  second-feet  is  believed  to  be 
reasonably  safe. 

The  water  of  Warm  Creek  and  of  the  artesian  wells  of  the  Gage 
system  has  been  analyzed  by  Prof.  E.  W.  Hilgard,  of  the  University 
of  California,  with  the  following  results : 

Ajialyaes  of  waters  from  artesian  wells  of  the  Ckige  system  and  from  Warm  Creek, 
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In  total  solids  this  water  compares  favorably  with  that  of  Los 
Angeles  and  Kern  rivers,  and  is  much  purer  than  the  water  of  tlie 
coast  streams.  It  carries  large  quantities  of  potash  salts,  and  not 
enough  calcium  carbonate  to  injure  the  well-drained  lands  of  the 
Riverside  mesa. 
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SMAIili  CANAIiS  NEAR  COIiTON  AND  SAN  BEBNARBINO.* 

DESCRIPTIONS. 

Haws  &  Talmage  ditch, — This  ditch  receives  its  sappiy  from  the  rising  water  of 
Warm  Creek,  and  is  the  first  diversion  on  that  stream  between  Harlem  and  Rabel 
Springs.  It  is  a  small  earthen  ditch,  and  takes  water  from  the  sonth  side  or  left 
bank  of  the  creek,  and  distributes  it  southwest  of  Harlem  Springs.  The  diver- 
sion is  by  means  of  a  dam.  The  ditch  is  three-fourths  of  a  mile  long.  It  is  owned 
and  maintained  by  local  ranchers,  and  is  entitled  to  50  miners'  inches  (1  second- 
foot)  of  water.  Usually  the  ditch  is  cleaned  each  spring,  or  whenever  it  becomes 
so  foul  that  some  irrigator  can  not  get  as  much  water  as  he  requires.  The  water 
is  used  for  alfalfa  and  other  dairy  products.  The  cost  of  maintenance  of  ditches 
of  this  class  is  from  50  cents  to  $1  per  acre  per  year.  The  supply  is  relatively  con- 
stant. The  ditch  was  built  in  1857,  separating  its  water  right  from  that  of  the 
Rabel  Dam  ditch.  During  the  years  18d8  and  1899  this  ditch  was  practically  dry, 
the  only  water  it  received  being  that  pumped  from  the  Harlem  swimming  pool, 
which  is  cleaned  about  twice  a  week.  In  June  and  August,  1899,  and  in  March, 
1900  and  1901,  the  ditch  was  dry. 

Rabel  Dam  ditch  diverts  its  water  by  means  of  an  earthen  dam  at  lot  2,  block  60, 
San  Bernardino  Rancho,  on  Warm  Creek.  It  is  the  second  ditch  on  that  stream. 
As  is  the  case  with  all  of  these  rising  waters,  the  supply  is  practically  constant 
throughout  the  year.  An  agreement,  made  in  October,  1895,  between  the  River- 
side Water  Company  and  the  owners  of  the  ditch  provided  for  the  natural  flow  of 
water  in  Warm  Creek  at  the  head  of  the  ditch  to  the  amount  of  250  miners'  inches, 
and  in  the  agreement  it  was  stipulated  that  the  Riverside  Water  Company  should 
at  its  own  expense  build  at  the  head  of  the  ditch  an  iron  weir  embedded  in  a 
cement  foundation,  to  measure  the  water.  This  was  done.  The  canal  is  an  earthen 
ditch  4.2  miles  in  length,  and  has  a  capacity  of  250  miners'  inches  (5.0  second- 
feet).  It  takes  its  water  from  the  south  side  of  Warm  Creek  and  carries  it  to  the 
southwest  of  Harlem  Springs,  irrigating  400  acres  of  alfalfa,  vegetables,  and  gar- 
den produce.  It  is  owned  and  operated  by  local  ranchers.  It  was  built  in  1854 
by  the  Mormon  settlers,  and  is  the  oldest  water  right  on  Warm  Creek.  On  June 
20, 1898,  it  was  discharging  5.37  second-feet.  During  the  summer  of  1899  the  iron 
weir  at  the  bead  of  the  ditch  was  removed  by  the  owners  of  the  ditch,  with  the 
consent  of  the  Riverside  Water  Company.  The  upper  part  of  the  ditch  was  low- 
ered by  running  it  on  a  flatter  gradient  to  the  headworks,  with  the  idea  of  diverting 
Warm  Creek  at  a  lower  level.  This  plan  increased  the  flow  of  water  for  a  time, 
but  it  soon  dropped  to  less  than  the  original  flow. 

Shay  or  Stout  Dam  ditch. — The  headworks  of  this  ditch  are  in  the  west  half  of 
lot  4,  block  60,  San  Bernardino  Rancho,  1  mile  north  and  3  miles  east  of  the  city 
of  San  Bernardino.  The  diversion  is  by  means  of  an  earthen  dam.  The  supply 
is  relatively  constant.  The  canal  is  li  miles  in  length;  it  runs  west  on  the  north 
side  of  the  San  Bernardino  base  line  and  Warm  Creek,  and  irrigates  those  landa 
The  ditch  is  used  the  year  round,  and  is  cleaned  twice  a  year.  The  cost  of  mainte- 
nance to  consumers  is  less  that  $1  per  acre  per  year.  It  served  210  acres  in  1885 
and  150  acres  in  1898.  It  was  built  in  1857,  and  ranks  third  in  its  order  of  water 
rights  to  Warm  Creek.  By  a  compromise  made  with  the  Riverside  Water  Com- 
pany in  1895'this  ditch  is  entitled  to  112.5  miners'  inches  of  water  (2.25  second-feet), 
provided  there  is  that  amount  in  Warm  Creek  at  the  headworks.  During  the 
years  1899  and  1900,  however,  the  supply  fell  considerably  below  that  quantity. 

McKenzie  ditch,— The  headworks,  consisting  of  a  wooden  dam,  are  on  Warm 
Creek,  the  center  of  lot  8,  block  51,  San  Bernardino  Rancho,  2  miles  east  of  the 
city  of  San  Bernardino.    The  supply  is  relatively  constant.    The  ditch  was  built 


•The  writer  is  indebted  to  Mr.  EingBbary  Sanborn  for  most  of  the  data  regarding  these 
oanals. 
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in  1862.  It  irrigateB  lands  immediately  east  of  San  Bernardino,  between  City  and 
Warm  creeks,  and  85  acres  on  the  south  side  of  City  Creek.  The  canal  is  about  1.3 
miles  in  length.  It  is  an  earthen  ditch  bnilt  in  sandy  loam,  with  a  flat  grade,  and 
is  owned  and  operated  by  local  ranchers.  It  is  said  to  lose  33  per  cent  of  its  vol- 
ome  by  seejiage.  The  owners  claim  all  of  the  water  of  Warm  Creek  at  the  point 
of  diversion,  bnt  the  Riverside  Water  Company  claims  that  their  right  is  limited  to 
the  original  capacity  of  the  ditch,  which  was  100  miners'  inches  (2.0  second-feet). 
The  ditch  is  still  in  litigation.  It  has  lately  been  enlarged.  Three  hnndred  acres 
of  alfalfa  and  gardens  are  irrigated.  Cost  of  maintenance  is  prorated  and  amounts 
to  about  50  cents  per  acre  per  year.  On  June  20, 1898,  it  was  discharging  127 
miners'  inches  (2.54  second-feet). 

Meeks  <Sr  Daley  ditcJi.—Th\s  ditch  originally  diverted  its  water  from  the  lower 
part  of  Warm  Creek,  and  the  Agrua  Mansa,  Juaramillo,  and  San  Salvador  canals 
took  water  from  Santa  Ana  River,  southeast  of  Colton.  The  owners  of  these  four 
canals,  in  cleaning  them  out  each  year,  gradually  enlarged  their  sections,  to  the 
detriment  of  the  Riverside  Water  Company,  which  company  instituted  suit 
against  them  to  restrict  their  diversion.  To  avoid  a  protracted  lawsuit  and 
excessive  loss  of  water  by  seepage  in  sandy  channels,  a  compromise  was  arranged 
in  1885  by  which  the  Riverside  Water  Company  agreed  to  build  and  deliver  to  the 
owners  of  these  ditches  a  cement-lined  canal,  estimated  to  cost  |30,000,  which 
should  deliver  from  this  conduit,  at  certain  stated  points,  the  following  amounts 
of  water: 

Ditches  to  he  supplied  by  cement-lined  caTial, 
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This  canal  was  built  by  the  Riverside  Water  Company  at  a  cost  of  $87,281 .  All 
water  remaining  available  from  the  sources  of  these  canals  belongs  to  that  com- 
pany. In  1885  the  Meeks  <fe  Daley  Water  Company  was  incorporated,  with  a 
capital  stock  of  $78,000  divided  into  780  shares,  t )  handle  these  combined  waters. 

The  head  works  of  the  new  canal  were  located  U  miles  northeast  of  the  town  of 
Colton  and  a  half  mile  east  of  Bunker  Hill.  The  headworks  of  the  Meeks  &  Daley 
ditch  consist  of  a  well-constructed  brush  dam  across  Warm  Creek,  which  diverts 
the  water  to  a  weir  at  the  head  of  the  ditch.  At  the  weir  the  ditch  is  10  feet  wide 
on  the  bottom  and  1^  feet  deep,  with  side  slopes  of  1^  to  1,  gradually  contracting 
to  ita  normal  size  at  station  28,  which  is  3  feet  wide  on  the  bottom,  5  feet  wide 
across  the  top,  and  2  feet  deep.  The  sides  are  of  rabble  masonry,  with  a  3-inch 
concrete  bottom,  and  the  whole  inside  is  plastered  with  cement  mortar  a  half  inch 
thick.  The  supply  is  from  Warm  Creek  and  is  very  constant  in  volume.  Under 
this  contract  the  Riverside  Water  Company  made  a  saving  of  from  100  to  200 
miners*  inches  (2  to  4  second-feet).  The  canal  built  by  them  is  about  3}  miles 
in  length.  It  runs  through  the  southern  side  of  the  town  of  Colton  and  around 
the  south  side  of  Slover  Mountain,  being  on  the  north  or  right  bank  of  Warm 
Creek  and  Santa  Ana  River.  It  is  owned  by  a  stock  company  of  local  ranchers, 
each  share  of  the  stock  carrying  with  it  a  water  right  to  some  certain  piece  of 
land  to  which  it  is  appurtenant  •  The  water  is  used  largely  for  the  irrigation  of 
citrus  fruits. 
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The  Agna  Mansa  ditch  is  an  extension  of  the  Meeks  &  Daley  ditch  through  the 
Agna  Mansa  and  San  Salvador  districts.  It  is  of  the  same  constmction  as  the 
Meeks  &  Daley  ditch,  but  is  smaller,  being  2  feet  on  the  bottom  and  from  1  foot  to 
li  feet  deep,  according  to  the  grade,  with  side  slopes  of  i  to  1.  Very  little  of  the 
original  Agna  Mansa  land  is  now  irrigated,  as  the  irrigation  on  the  mesa  has  con- 
verted the  land  into  a  bog  hole,  iintit  for  cultivation,  and  many  shares  of  water 
have  been  sold  to  ranchers  in  West  Riverside,  who  now  own  the  controlling  inter- 
est and  are  using  the  water  on  their  lands. 

Beam  ditch  derives  its  water  from  a  cienaga  tributary  of  Warm  Creek  in  lot  14, 
block  43,  San  Bernardino  Rancho.  The  ditch  Is  about  a  mile  in  length.  The 
water  is  diverted  by  means  of  a  brush  dam,  and  flows  in  a  southwesterly  direc- 
tion, irrigating  the  land  lying  west  of  Warm  Creek,  in  blocks  43  and  44  of 
the  San  Bernardino  Rancho.  The  ditch  has  an  apparent  capacity  of  45  miners' 
inches,  and  irrigates  about  100  acres  of  land.  On  June  20, 1898,  it  was  flowing 
0.67  second-foot  in  the  flume  near  the  head  works. 

Timber  ditch, — This  was  one  of  the  first  canals  constructed  in  San  Bernardino 
Valley.  It  diverted  its  water  from  Santa  Ana  River  near  the  center  of  sec.  8,  T.  1 
S.,  R.  3  W.  The  water  rights  of  this  canal  were  transferred  by  individual  owners 
to  the  North  and  South  Fork  canals  of  Highlands  and  Redlands,  and  at  the  pres- 
ent time  it  is  practically  abandoned.  The  water  was  applied  to  the  lands  between 
the  city  of  San  Bernardino  and  Santa  Ana  River.  It  was  entirely  dry  during  the 
summers  of  1898  and  1890.  At  its  head  works  there  is  a  flume  intake  4.3  feet  wide 
and  2  feet  deep,  also  a  crib  diversion  dam.  This  ditch  is  descrilied  in  the  Nine- 
teenth Annual  Report  of  the  United  States  Geological  Sarvey,  Part  IV. 

Logsdon  A  Farrdl  or  Waterman  ditch. — ^The  Logsdon  &  Farrell  ditch  makes  its 
diversion  from  the  south  side  of  City  Creek,  a  mile  east  of  the  city  of  San  Bernar- 
dino, by  means  of  a  flume  2  feet  wide  and  1  foot  deep  and  a  rough  sheet- pile  dam. 
The  canal  is  three-fourths  of  a  mile  in  length,  and  its  water  is  used  southeast  of 
the  city.  About  80  acres  of  gardens  are  irrigated.  On  June  29, 1898,  there  was 
flowing  in  this  ditch  36  miners'  inches  (0.72  second-foot)  of  water.  This  ditch  is 
a  combination  of  the  Waterman,  Logsdon-Farrell,  and  Brooks  ditches. 

Whitlock  ditch. — This  ditch  takes  its  water  from  the  north  bank  of  City  Creek 
2  miles  east 'of  the  business  i)ortion  of  the  city  of  San  Bernardino,  and  is  about  a 
half  mile  in  length.  At  the  place  of  measurement  it  is  a  flume  1.5  feet  wide  and 
0.8  foot  deep,  and  on  June  29, 1898,  it  was  discharging  12  miners*  inches,  or  0.24 
second-foot.  Its  water  is  used  to  wash  vegetables,  and  it  is  mingled  with  the 
waters  of  the  McKenzie  ditch  and  used  on  Chinese  vegetable  gardens. 

Daley  ditch, — This  ditch  diverts  water  three- fourths  of  a  mile  east  of  the  busi- 
ness portion  of  the  city  of  San  Bernardino  and  about  one-fourth  of  a  mile  east 
of  the  junction  of  Warm  and  City  creeks,  from  the  north  side  of  the  latter  creek, 
crosses  to  the  south  side  of  that  creek,  and  distributes  its  water  on  40  acres  of 
block  6  of  the  San  Bernardino  Rancho.  It  is  about  a  half  mile  in  length.  The 
flume  crossing  City  Creek  is  1  foot  wide  and  1  foot  deep.  On  June  29, 1898,  it  was 
carrying  31  miners'  inches  (0.62  second-foot). 

Mclntyre  ditch,— This  canal  makes  its  diversion  from  the  south  or  right  bank  of 
Lytle  Creek,  near  the  southwest  corner  of  the  city  of  San  Bernardino,  and  receives 
its  supply  from  the  return  water  of  that  creek.  It  is  approximately  1  mile  in 
length,  and  distributes  its  water  on  the  south  side  of  Lytle  Creek,  between  Colton 
avenue  and  Mount  Vernon  avenue.  It  is  an  eight-day  ditch,  and  is  owned  by  local 
ranchers,  who  maintain  it  for  about  70  cents  per  acre  per  year.  About  30  acres  are 
irrigated  for  alfalfa.    During  the  years  1898, 1899, 1900,  and  1901  the  ditch  was  dry. 

Whiting  ditch  also  derives  its  supply  from  the  return  water  of  Lytle  Creek,  and 
distributes  it  on  the  adjoining  lands  of  D.  G.  Whiting,  who  owns  the  ditch.  On 
June  27, 1898,  it  was  carrying  15  miners'  inches  (0.30  second-foot).  Twenty-five 
acres  of  pasture  are  irrigated. 
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Furguaan  water, — ^This  is  a  2^miner8*  inch  right  in  Ranchero  ditoh,  which 
comee  from  Raynor  Springs.    The  water  is  need  around  Bloomington. 

Ward  A  Warren  ditch, — This  is  one  of  the  oldest  ditches  on  Santa  Ana  River, 
and  is  the  ontgrowth  of  the  Warren- Warner  ditch,  the  Jansen  ditch,  and  the 
waste  water  from  the  Hnnt  &  Cooley  ditch.  The  ditch  originally  took  its 
water  from  Santa  Ana  River  near  the  east  end  of  the  Soathem  Pacific  Railway 
bridge,  in  lot  8,  block  64,  San  Bernardino  Rancho,  bat  during  the  flood  of  1892  the 
main  cliannel  of  Santa  Ana  River  was  changed  to  a  point  about  a  half  mile  to  the 
north,  and  the  following  spring  the  Ward  &  Warren  ditch  was  extended  to  the  new 
channel  of  the  river.  The  water  is  now  diverted  by  means  of  a  rough  sand  and 
brush  dam  in  the  westerly  part  of  lot  2,  block  64,  San  Bernardino  Rancho. 

Daring  the  years  1888  and  1889  this  ditch  was  considerably  enlarged  and  the 
water  spread  over  a  greater  area.  The  Riverside  Water  Company,  which  had 
be«i  using  the  water  of  Santa  Ana  River  for  years,  brought  suit  against  the  own- 
ers of  the  ditch,  to  restrain  them  from  using  all  the  water  in  Santa  Ana  River  at 
their  headworks,  claiming  that  they  were  entitled  to  only  the  original  capacity  of 
the  ditch. 

The  case  came  to  trial  February  26,  1890,  the  decision  being  that  the  owners  of 
the  ditch  are  entitled  to  the  water  flowing  from  Santa  Ana  River  at  the  head  of 
the  Ward  &  Warren  ditch  to  the  extent  of  309  miners'  inches  (6.18  second-feet), 
measured  under  a  4-inch  pressure,  the  measurement  to  be  made  from  the  center 
of  the  orifice,  and  that  the  Riverside  Water  Company  is  the  owner  and  entitled 
to  the  use  of  the  remainder  of  the  water  fiowing  in  Santa  Ana  River  at  the  head  of 
the  Ward  &  Warren  ditch.  The  court  further  decreed  that  the  owners  of  the 
Ward  &  Warren  ditch  are  entitled  to  have  from  the  Rice  &  Thome  tracts  (which 
Hre  owned  by  the  Riverside  Water  Company)  on  Santa  Ana  River  water  to  the 
amount  of  78.18  miners*  inches  (1.56  second-feet),  measured  under  a  4-inch  pres- 
sure from  the  center  of  the  orifice,  when  necessary  to  make  up  the  309  miners' 
inches.  This  78.18  miners*  inches  was  the  overflow  from  the  flsh  pond  of  a  cienaga 
located  on  their  lands,  the  stream  of  which  is  one  of  the  natural  tributaries  of 
Santa  Ana  River.  This  pond,  owing  to  the  dry  season  and  the  development  of 
artesian  water  in  that  neighborhood,  is  now  almost  dry,  and  the  78.18  miners' 
inches  delivered  to  the  Ward  &  Warren  ditch  is  now  practically  all  artesian  water. 
The  line  of  the  ditch  is  located  through  the  dry  and  sandy  bed  of  Santa  Ana 
River  and  loses  a  large  percentage  of  its  water  before  reaching  the  first  point  of  dis- 
tribution. In  June,  1898,  this  ditch  was  receiving  from  the  Rice-Thomo  canal 
1.60  second-feet  of  water  and  from  Santa  Ana  River  0.73  second-foot. 

North  Riverside  or  Jurupa  canal. — The  Jurupa  canal,  sometimes  called  the 
North  Riverside,  derives  its  water  from  different  sources:  (1)  From  a  covered 
flume  in  the  Santa  Ana  River  bottom,  in  lot  3,  block  88,  San  Bernardino  Rancho, 
above  Colton  avenue  crossing;  (2)  from  surface  development  in  two  cienagas  in 
lot  2,  block  88,  San  Bernardino  Rancho;  and  (3)  from  the  Salazar  water.  The 
Salazar  water  was  originally  diverted  from  the  bed  of  Santa  Ana  River. 

The  Riverside  Water  Company  agreed,  because  of  the  priority  of  the  Salazar 
right,  to  permit  the  water  for  this  ditch,  to  the  extent  of  75  to  100  miners*  inches 
(1.5  to  2  second-feet),  to  pass  its  headworks  and  be  conveyed  by  a  sandy  river  bed 
to  the  Salazar  headworks.  In  order  to  prevent  the  loss  by  seepage  and  evapora- 
tion in  the  river  Ded,  the  Riverside  Water  Company  now  delivers  into  the  Jurupa 
flume  75  miners'  inches  (1.5  second-feet),  in  consideration  for  which  it  diverts  all 
of  the  water  at  the  headworks  of  its  canaL  All  of  these  developments  occur  east 
of  the  Colton  avenue  crossing  of  Santa  Ana  River.  The  ditch  which  is  now 
called  the  Rubidoux  ditch  is  generally  known  as  the  Jurupa  ditch,  and  diverts 
its  watier  from  Santa  Ana  River  just  north  of  the  point  where  the  county  line 
between  Riverside  and  San  Bernardino  crosses  the  lands  of  the  Rubidoux  ranch. 
The  ditch  now  known  as  the  Jurupa,  belonging  to  the  North  Riverside  Land 
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and  Water  Company,  diverts  a  portion  of  its  water  from  an  nndergronnd  flnme 
in  the  bed  of  Santa  Ana  River  a  short  distance  east  of  the  Colton  avenne  bridge. 
On  Jnly  1,  1898,  the  canal  was  flowing  7.11  second-feet  at  the  Colton  avenne 
crossing.  This  includes  the  7t5  miners'  inches  (1.50  second-feet)  of  Salazar  water. 
The  main  canal  is  17  miles  in  length.  The  company  owns  the  land  npon  which 
the  water  is  distributed,  and  claims  the  right  to  develop  all  the  water  avail- 
able at  its  headworks.  The  first  850  miners'  inches  (7  second-feet)  belong 
to  settlers  to  whom  the  company  had  sold  water  and  land.  The  Jurnpa  ditch 
carries  75  miners*  inches  from  the  Riverside  Water  Company's  flnme,  and  this 
water  is  known  as  the  Salazar  right.  It  is  measored  at  the  jtmction  of  the  River- 
side Water  Company's  flnme  with  the  North  Riverside  and  Jampa  canal. 
Agna  Mansa  water  enters  the  Jnrnpa  canal  from  the  Meeks  &  Daley  ditch  1  mile 
eonthwest  of  Slover  Monntain,  and  is  carried  by  it  to  the  San  Salvador  district. 
The  Temescal  tin  mine  syndicate  has  a  run  of  200  miners*  inches  (4  second-feet) 
for  twenty-fonr  honrs  every  eighth  day  through  the  Jnmpa  ditch.  Ordinarily 
the  Jnrnpa  ditch  contains — 

Miners*       Seoond- 
inches.  feet. 

Agna  Mansa  water 850         (7.0) 

Salazar  water 75  (1.5) 

Santa  Ana  River  water 350         (7. 0) 

Total -. 775        (15.5) 

The  following  measurements  have  been  made: 

Minez*s*       Second- 
inches,  feet. 

July  1 ,  1898,  Jurnpa  flume  at  Colton  avenue 355         (7.11) 

June  18, 1898,  Jurupa  flume  below  Agua  Mansa  junction, 

including  Agna  Mansa  water 691        (13.83) 

August  27,  1898,  Jurupa  flume  at  Colton  avenue,  below 

Agua  Mansa  junction,  including  Agna  Mansa  water..    509        (10. 18) 

During  the  year  1897  the  assessments  to  the  owners  of  the  Jurnpa  ditch  amounted 
to  $9.54  per  miners'  inch.  They  charge  $3.27  per  inch  per  year  for  carrying  Agua 
Mansa  and  other  water. 

The  canal  is  located  around  a  rock  hill  immediately  above  the  old  upper  canal 
of  the  Riverside  Water  Company  and  crosses  the  river  in  a  flume  on  a  trestle 
2,460  feet  in  length,  shown  in  PI.  VII,  B,  Then  for  2  miles  the  water  is  flumed 
along  a  bluff  on  the  north  bank  of  the  river,  after  which  it  passes  through  a  tun- 
nel 4,000  feet  long  into  an  open  ditch  3  miles  long,  and  thence  to  the  Jnrnpa 
mesa  lands.  The  Jurapa  Land  and  Water  Company  was  incorporated  in  May, 
1888,  with  a  capital  stock  of  $3,500,000,  divided  into  $100  shares. 

Hunt  <S:  Cooley  or  Camp  Carlton  ditch, — This  was  originally  one  of  the  oldesst 
diversions  on  middle  Santa  Ana  River.  It  was  taken  out  in  1859,  and  had  sev- 
eral headings  in  the  river,  which  were  washed  out  by  floods,  until  the  final 
one  was  made  at  about  the  point  where  the  Gage  canal  started  to  divert  its  water, 
and  it  remained  there  until  the  year  1887,  when  the  managers  of  the  G>age  canal 
agreed  with  the  owners  of  the  ditch  to  bore  wells  and  develop  for  them  130  miners* 
inches  of  water,  and  to  receive  in  return  what  they  thought  to  be  the  right  to  all 
the  water  flowing  in  Santa  Ana  River  at  the  headworks  of  this  ditch.  This  led  to 
a  long  and  expensive  lawsuit  with  the  Riverside  Water  Company,  who  contended 
that  the  Gage  canal  was  entitled  to  only  an  amount  of  water  equal  to  the  original 
capacity  of  the  canal,  which  was  200  miners' inches.  It  resulted,  however,  in  the 
courts  allowing  the  Gage  canal  the  right  to  298.5  miners'  inches  of  the  flow  of 
Santa  Ana  River  at  the  headworks  of  their  canal. 


,     FLOWING  WELLS  O 
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DISCHARGE  MEASUREMENTS.'' 

Hatps  A  Talmage  ditch,— On  Jnne  7, 1896,  0.84  second-foot  was  flowing  in  tbis 
ditch  near  the  headworks.  The  area  of  the  water  section  was  0.9  square  foot,  the 
surface  velocity  1.33  feet  per  second.  Measurements  were  made  by  floats. 
Coefficient  70  per  cent. 

September  14, 1898,  all  Of  the  water  in  Warm  Creek  at  the  head  of  the  ditch  was 
passed  throogh  the  waste  gate;  by  weir  it  measured  0.43  second-foot.  The  weir 
was  4.6  feet  long,  the  head  0.094  foot,  two  fnll  contractions,  velocity  of  approach 
less  than  0.5  foot  per  second. 

March  2, 1899,  a  weir  was  pat  in  near  the  head  of  the  ditch,  and  the  discharge 
meaanred  0.28  second-foot;  length  of  weir  1  foot,  head  0.2  foot,  velocity  of  approach 
less  than  0.5  foot  per  second,  two  fall  contractions. 

In  Jane  and  Aogost,  1899,  and  in  March  and  on  Jane  12, 1900,  the  ditch  was  dry. 

Rabel  Dam  ditch, — September  14, 1898,  at  2.10  p.  m.,  this  ditch  was  diverting  8.07 
second-foet  over  the  iron  weir  at  the  headworks,  which  was  all  of  the  water  in 
Warm  Creek  at  that  point.  The  weir  is  4  feet  long,  the  head  was  0.88  foot,  two 
fall  contractions,  velocity  of  approach  less  than  1  foot  per  second. 

March  2, 1899,  the  ditch  was  discharging  2.36  second-feet  at  the  head;  length  of 
weir  4  feet,  head  0.81  foot,  velocity  of  approach  lees  than  1  foot  per  second,  two 
fall  end  contractions.  This  was  all  of  the  water  in  Warm  Creek  at  the  point  of 
diversion. 

Jane  16, 1899,  at  1.45  p.  m.,  this  ditch  was  discharging  1.54  second-feet;  head 
0.24  foot,  length  of  weir  4  feet,  two  fall  end  contractions,  velocity  of  approach  less 
than  0.5  foot  per  second. 

Daring  the  sammer  of  1899  the  iron  weir  at  the  head  of  the  ditch  was  removed 
by  the  owners  of  the  ditch,  with  the  consent  of  the  Riverside  Water  Company. 
The  apper  part  of  the  ditch  was  lowered  by  ranning  on  a  flatter  gradient  to  the 
headworks,  with  the  idea  of  diverting  Warm  Creek  at  a  lower  level.  This  plan 
increased  the  flow  of  water  for  a  time,  bat  it  soon  dropped  to  less  than  the  original 
flow. 

Angost  25, 1899,  the  discharge  measared  0.94  second-foot;  the  water  area  waa 
0.9  sqnare  foot,  the  sarface  velocity  1.5  feet  per  pecond. 

March  15, 1900,  the  4-foot  iron  weir  was  again  in  place;  the  discharge  measured 
0.54  second-foot,  the  head  was  0.12  foot,  and  there  was  no  perceptible  velocity  of 
approach. 

Jane  12, 1900,  at  12  m.,  the  discharge  measared  0.35  second-foot  at  the  headworks 
weir;  length  of  weir  4  feet,  head  0.09  foot,  velocity  of  approach  less  than  0.5  foot 
per  second,  two  fnll  end  contractions. 

Shay  or  Stout  Dam  ditch, — On  Jtme  20, 1898,  the  volame  in  this  canal  measared 
2.30  second-feet;  length  of  weir  2  feet,  head  0.502  foot,  velocity  of  approach  0.7 
foot  per  second,  two  end  contractions. 

September  14, 1898,  at  1.55  p.  m.,  the  discharge  over  the  same  weir  was  2.08 
second-feet.  Being  at  the  end  of  the  irrigating  season  the  ditch  had  not  been 
cleaned  and  was  very  foal.  The  tail  water  was  higher  than  the  crest  of  the  weir 
by  0.193  foot,  caosing  the  weir  to  be  submerged.  Head  0.5  foot,  two  end  contrac- 
tions, velocity  of  approach  less  than  0.5  foot  per  second.  Fteley  and  Stearns's  for- 
mula was  used. 

March  2, 1899,  the  discharge  over  the  same  weir  was  2.23  second-feet;  head  0.5 
foot,  two  end  contractions,  velocity  of  approach  less  than  0.5  foot  per  second. 

June  16. 1899,  at  2.10  p.  m.,  the  discharge  was  1.13  second- feet.  The  ditch  was 
again  foul,  and  the  weir  was  submerged  0.820  foot;  head  0.406  foot,  velocity  of 
approach  less  than  1  foot  per  second. 

*  Ail  ixieasurements  were  made  by  Mr.  Kingsbury  Sanborn,  of  Biverside,  except  where  stated 
to  the  contrary. 
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Angust  25, 1899,  at  2.15  p.  m.,  the  discharge  measnred  0.9  second-foot,  head  0.27 
foot,  two  end  contractions,  velocity  of  approach  less  than  0.5  foot  per  second. 

A  few  months  previous  to  March  15,  1900,  when  a  measurement  was  made,  the 
owners  of  the  Shay  ditch  relocated  the  ditoh,  starting  from  the  headworks  and 
taking  it  to  higher  grounds,  which  caused  the  water  to  back  entirely  over  the 
weir,  so  that  it  became  necessary  to  make  a  float  measurement.  The  water 
area  was  1.45  square  feet,  surface  velocity  0.5  foot  per  second,  discharge  0.507 
second-foot,  coefficient  70  per  cent. 

On  June  19, 1900,  at  1.10  p.  m.,  the  discharge  was  0.4  second-foot  about  200  feet 
be?ow  the  dam  across  Warm  Creek;  sectional  area  1.7  square  feet,  surface  velocity 
0.84  foot  per  second,  coefficient  70  per  cent. 

MeKenzie  ditch, — On  June  20, 1898,  a  float  measurement  was  made.  The  area  of 
the  section  was  2.90  square  feet,  surface  velocity  1.25  feet  per  second,  coefficient 
70  per  cent,  discharge  2.54  second-feet. 

September  12, 1898,  at  2.80  p.  m.,  the  discharge  a  half  mile  below  the  headworks 
measured  2.08  second-feet.  The  sectional  area  was  5.2  square  feet,  the  velocity  of 
approach  0.64  foot  per  second,  coefficient  70  per  cent. 

March  2, 1899,  the  discharge  measured  9.4  second-feet  at  the  same  point  as  the 
last  measurement;  the  sectional  area  was  4.9  square  feet,  surface  velocity  2.77  feet 
per  second,  coefficient  70  per  cent. 

June  16, 1899,  at  2.45  p.  m.,  the  discharge  measured  8.86  second- feet  about  150 
feet  below  the  headworks  on  Warm  Creek;  the  sectional  area  was  1.9  siiuare  feet, 
surface  velocity  2  feet  per  second,  coefficient  70  per  cent. 

August  22, 1899,  there  was  flowing  in  the  ditch  at  the  same  point  as  the  last 
measurement  2  second- feet;  the  sectional  area  was  4.1  square  feet,  the  surface 
velocity  0.7  foot  -per  second,  coefficient  70  per  cent. 

March  16, 1900,  the  discharge  measured  2.3  second-feet  about  250  feet  below  the 
headworks  on  Warm  Creek;  the  sectional  area  was  3.8  square  feet,  the  surface 
velocity  1  foot  per  second,  coefficient  70  per  cent. 

June  19, 1900,  at  1.10  p.  m.,  the  discharge  measured  1.57  second-feet  about  150 
feet  below  the  headworks  dam;  the  sectional  area  was  2.2  square  feet,  the  surface 
velocity  1  foot  per  second,  coefficient  70  per  cent. 

Meeks  A  Daley  ditch, — Measured  on  June  20,  1898,  the  discharge  at  the  head- 
works  weir  was  8.42  second-feet  (421  miners'  inches);  length  of  weir  6  feet,  head 
0.525  foot,  two  end  contractions,  velocity  of  approach  less  than  0.5  foot  per  second. 

Measured  on  March  2, 1899,  at  the  headworks  weir  the  discharge  was  17  second- 
feet;  length  of  weir  6  feet,  head  0.917  foot,  two  end  contractions,  velocity  of 
approach  less  than  1  foot  per  second. 

June  26, 1899,  the  discharge  at  the  headworks  weir  was  15.48  second-feet,  the 
head  0.845  foot,  two  end  contractions. 

August  25, 1899,  the  discharge  at  the  headworks  weir  was  10.45  second-feet,  head 
0.659  foot. 

March  1, 1900,  the  weir  was  submerged  0.28  foot;  the  discharge  was  13.94  second- 
feet;  length  of  weir  6  feet,  head  0.84  foot,  velocity  of  approach  less  than  1  foot  per 
second. 

June  19,  1900,  at  4  p.  m.,  the  discharge  measnred  18.78  second -feet  at  the  head- 
works  weir,  which  was  submerged  0.415  foot;  the  velocity  of  approach  was  leas 
than  1  foot  per  second,  length  of  weir  6  feet,  head  0.875  foot,  two  end  contractions. 

Logsdon  <Sb  Farrell  ditch, — Measured  near  headworks  on  June  29,  1898,  by  J.  B. 
Lippincott  and  K.  Sanborn.  Area  of  section  0.878  square  foot,  mean  velocity  0. 824 
foot  per  second,  coefficient  80  per  cent,  discharge  0.72  second-foot. 

In  September,  1898,  the  discharge  was  0.68  second-foot  at  the  same  place. 

March  1, 1899, 1.61  second-feet  of  water  was  in  the  flume  near  the  headworks. 
This  ditch  is  flat,  and  it  is  Impossible  to  put  in  a  weir  without  losing  a  large  per- 
centage of  the  water,  so  that  it  became  necessary  to  make  float  measurements. 
The  width  of  the  flume  is  2  feet,  the  depth  of  the  water  0.7  foot,  sectional  area 
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1.41  sqnare  feet,  surface  velocity  1.43  feet  per  second,  coefficient  80  per  cent.    The 
flnme  was  in  fair  condition. 

Jane  27, 1899,  the  discharge  measored  1.15  second-feet  at  the  same  place;  depth 
of  water  0.71  foot,  snrface  velocity  1  foot  per  second,  sectional  area  1.44  square 
feet,  coefficient  80  per  cent. 

Angnst  25, 1S99,  the  discharge  measured  0.54  second-foot  in  the  flume  near  the 
head  works,  which  was  in  fair  condition.  The  depth  of  water  was  0.56  foot,  sur- 
face velocity  0.6  foot  per  second,  sectional  area  1.12  square  feet,  coefficient  80  per 
cent 

March  15, 1 900,  the  discharge  measured  1 .  26  second-feet  at  the  same  place.  There 
was  a  deposit  of  sand  in  the  bottom  of  the  flume,  and  the  depth  of  water  was  as 
follows:  Side  0.82  foot,  center  0.86  foot,  and  opposite  side  of  flume  0.84  foot.  The 
surface  velocity  was  1  foot  per  second,  coefficient  75  per  cent. 

Jnne  23,  1900,  the  discharge  measured  0.49  second-foot  in  the  ditch  near  the 
head  works  dam;  sectional  area  0.9  square  foot,  surface  velocity  0.77  foot  per  sec- 
ond, coefficient  70  per  cent. 

Beam  di/e^.— Measured  June  30, 1898, 300  feet  below  headworks,  by  floats.  Area 
of  section  1.08  square  feet,  mean  velocity  0.63  foot  per  second,  discharge  0.67 
second-foot. 

March  2, 1899,  discharge  measured  0.72  second-foot  in  the  flume  near  the  head- 
works.  This  ditch  is  very  flat,  and  it  is  impossible  to  put  in  a  weir  and  get  satis- 
factory results;  for  that  reason  float  measurement  was  made.  The  water  area 
was  1.5  square  feet,  the  surface  velocity  0.6  foot  per  second.  The  flume  was  in 
fairly  good  condition.    Coefficient  80  per  cent. 

June  27, 1899,  measured  in  the  same  flume  as  the  last  measurement.  Discharge 
0.52  second-foot,  width  of  flume  1.38  feet,  depth  of  water  0.95  foot,  surface  velocity 
0.5  foot  per  second,  coefficient  80  per  cent. 

Angust  25, 1899,  the  discharge  at  the  same  place  measured  0.4  second-foot,  the 
depth  of  water  was  0.84  foot,  surface  velocity  0.5  foot  per  second.  Flume  in  fairly 
good  condition.    Ck)efficient  80  per  cent. 

March  15,  1900,  the  discharge  measured  0. 68  second-foot,  same  place,  same  con- 
ditions. The  depth  of  water  was  0.62  foot,  the  snrface  velocity  1  foot  per  second, 
coefficient  80  per  cent. 

Jxme  14, 1900,  at  2  p.  m. ,  the  discharge  measured  0.5  second-foot  at  the  same 
place;  the  sectional  area  was  1.14  square  feet,  the  surface  velocity  0.59  foot  per 
second,  coefficient  75  per  cent. 

Upper  canal  of  Riverside  Water  Company, — On  June  30, 1898,  the  discharge 
over  the  headworks  weir  (see  PI.  IX)  was  59.04  second-feet.    There  are  three 
weirs,  with  end  contractions,  each  9^  feet  long.    Head  equals  0.677  foot,  velocity 
of  approach  1.12,  2.18,  and  1.94  feet  per  second,  respectively. 
February  28, 1899,  the  discharge  was  60.53  second-feet,  the  head  0.843  foot. 
June  26, 1899,  the  discharge  was  53.92  second-feet,  the  head  0.686  foot. 
August  31, 1899,  there  were  52.04  second-feet  of  water  flowing  over  the  head- 
works  weir,  and  the  head  was  0.67  foot. 
March  21, 1900,  there  were  61.94  second-feet  flowing.    Head  0.755  foot. 
June  23, 1900,  at  3  p.  m.,  the  discharge  at  the  headworks  weir  measured  52.94 
second-feet;  the  head  was  0.68  foot,  average  velocity  of  approach  0.77  foot  per 
second,  full  contractions. 

Lower  canal  of  Riverside  Water  Company. — Meter  measurement  on  June  17, 
1898,  at  4  p.  m..  as  determined  by  Mr.  F.  H.  Olmsted,  was  9.27  second-feet 

June  18,  1898,  at  10  a.  m«,  Mr.  Olmsted  made  a  meter  measurement  and  found 
a  discharge  of  11.27  second-feet. 

June  27, 1898,  there  were  10.83  second-feet  of  water  flowing  in  the  flume  just 
below  the  intake  at  Santa  Ana  River.  The  sectional  area  was  4.18  square  feet, 
the  velocity  3.24  feet  per  second,  coefficient  80  per  cent. 
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September  2, 1898,  there  were  7.7  second-feet  of  water  flowing  at  the  same  place. 
The  water  area  was  3.84  square  feet,  the  velocity  2.5  feet  per  second,  coefficient 
80  per  cent. 

March  10, 1899,  there  were  10.20  second-feet  flowing  over  the  weir  at  the  end  of 
the  flume.  Length  of  weir  5  feet,  head  1.01  feet,  two  full  end  contractions,  veloc- 
ity of  approach  less  than  1  foot  per  second. 

June  28, 1899,  the  discharge  at  the  same  place  measured  9.09  seoond-feet,  the 
water  area  was  3.63  square  feet,  the  surface  velocity  3.12  feet  per  second,  coefficient 
80  per  cent. 

September  1, 1899,  the  discharge  in  the  flume  measured  7.3S  second-feet,  the 
water  area  was  3.33  square  feet,  the  surface  velocity  2.77  feet  per  second,  coeffi- 
cient 80  per  cent. 

June  23,  1900,  at  9.05  a.  m.,  the  discharge  measured  7.16  second-feet  in  the 
flume;  sectional  area  3.4  square  feet,  surface  velocity  2.63  feet  per  second,  coeffi- 
cient 80  per  cent. 

Gage  canaL — On  June  29,  1898,  this  canal  was  measured  at  its  intake  from 
Santa  Ana  River.  The  discharge  was  1.16  second-feet  over  a  weir  5  feet  long, 
head  0.17  foot,  velocity  of  approach  0.5  foot  per  second,  no  end  contractions. 

March  7,  1899,  the  discharge  measured  0.72  second-foot,  length  of  weir  5  feet, 
head  0.125  foot,  velocity  of  approach  less  than  1  foot  per  second,  no  end  contrac- 
tions. 

June  20, 1899,  the  discharge  over  the  same  weir  measured  0.24  second-foot,  head 
0.06  foot. 

August  25, 1899,  the  discharge  over  a  weir  1  foot  in  length  measured  0.64  second- 
foot,  head  0.35  foot,  velocity  of  approach  less  than  1  foot  per  second,  two  full  con- 
tractions. 

March  1.  1900,  the  discharge  over  the  same  weir  measured  0.395  second-foot, 
head  0.25  foot. 

June  7,  luOO,  the  discharge  measured  0.29  second-foot  over  same  weir,  head 0.2 
foot,  velocity  of  approach  less  than  0.5  foot  per  second,  two  full  end  contractions. 

Gage  canal  at  Palm  avenue  tveir, — June  30,  1898,  Mr.  K.  Sanborn  and  Mr.  J.  B. 
Lippincott  measured  the  flow  over  the  weir,  and  obtained  a  discharge  of  27.43 
second-feet.  The  weir  was  13.34  feet  in  length,  with  a  head  of  0.^  foot.  There 
were  two  contractions.  The  velocity  of  approach  was  1.4  feet  per  second.  The 
level  of  the  water  below  the  weir  was  the  same  as  the  elevation  of  the  crest,  or 
knife  edge. 

September  21, 1898,  there  were  26.238  second-feet  of  water  flowing  over  this  weir. 
The  head  was  0.709  foot,  the  velocity  of  approach  1  foot  per  second,  two  full  con- 
tractions. 

March  7, 1899,  the  discharge  over  the  weir  measured  27.4  second-feet,  head  0.73 
foot,  velocity  of  approach  less  than  1  foot  per  second. 

June  26,  1899,  the  discharge  measured  25.46  second-feet,  head  0.69  foot. 

August  15, 1899,  the  discharge  measured  24.11  second-feet*  head  0.67  foot. 

March  21, 1900,  the  discharge  measured  22.86  second-feet,  head  0.639  foot 

June  7,  1900,  the  discharge  measured  22.52  second-feet,  head  0.64  foot,  velocity 
of  approach  less  than  1  foot  per  second. 

Daley  dtYc^.— Measured  at  5.15  p.  m.  on  June  29, 1898,  by  J.  B.  Lippincott  and 
K.  Sanborn.  Discharge  in  flume  across'  City  Creek  was  0.63  second-foot,  water 
area  0.4  square  foot,  surface  velocity  1.95  feet  per  second,  coefficient  80  per  cent. 

September  12, 1898,  at  11.30  a.  m.,  the  discharge  measured  0.67  second-foot; 
water  area  0.42  square  foot,  surface  velocity  2  feet  per  second,  coefficient  80  per 
cent. 

March  1, 1899,  the  discharge  measured  0.71  second- foot,  the  water  area  0.354 
square  foot,  surface  velocity  2.5  feet  per  second,  coefficient  80  per  cent. 
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Jnne  27, 1899,  the  discharge  measured  0.51  seoond-foot,  water  area  0.32  square 
foot,  surface  velocity  2  feet  per  second,  coefficient  80  per  cent. 

August  28, 1899,  the  discharge  measured  the  same  as  on  Jnne  27, 1899. 

March  15, 1900,  the  discharge  measured  0.72  second- foot,  water  area  0.45  square 
foot,  surface  velocity  2  feet  per  second,  coefficient  80  per  cent. 

Jnne  23, 1900,  at  12  m.,  the  discharge  measured  1.12  second-feet,  the  sectional 
area  0.28  square  foot,  the  surface  velocity  5  feet  per  second,  coefficient  80  per  cent. 

Mclntyre  ditch.—Jnne  12, 1898,  at  4.25  p.  m.,  the  discbarge  measured  0.37  second- 
foot  in  flume  near  the  head;  the  water  area  was  1.48  square  feet,  surface  velocity 
2.5  feet  per  second,  coefficient  80  i)er  cent. 

September  14, 1898,  the  discharge  measured  0.038  second-foot  over  a  weir  near 
the  head  works,  which  was  0.5  foot  in  length;  head  0.083  foot,  no  velocity  of 
approach,  two  full  end  contractions. 

March  1, 1899,  the  discharge  measured  0.82  second-foot  over  a  weir  1  foot  in 
length;  head  0.45  foot. 

June  23,  1899,  the  discharge  over  the  same  weir  measured  0.149  second-foot; 
head  0.13  foot 

August  26, 1899,  there  was  no  water  flovnng. 

March  16, 1900,  the  discharge  over  the  same  weir  measured  0.143  second-foot; 
bead  0.126  foot. 

June  12, 1900,  the  discharge  over  the  same  weir  measured  0.01  second- foot;  head 
0.026  foot,  two  full  contractions,  velocity  of  approach  less  than  0.5  foot  per  second. 

Whiting  ditch,— Jnne  27, 1898,  the  discharge  measured  0.26  second-foot  over  a 
weir  1  foot  in  length  near  the  head  works;  head  0.19  foot,  velocity  of  approach  less 
than  0. 5  foot  per  second,  two  full  end  contractions. 

September  14, 1898,  the  discharge  measured  0.01  second-foot  over  a  weir  0.5  foot 
in  length;  head  0.086  foot,  velocity  of  approach  less  than  0.05  foot  per  second,  two 
full  end  contractions. 

March  1, 1899,  the  discharge  measured  0.76  second-foot  over  a  weir  1  foot  in 
length;  head  0.395  foot,  velocity  of  approach  less  than  0.5  foot  per  second,  two 
full  end  contractions. 

June  27,  1899,  the  discharge  over  the  same  weir  measured  0.246  second-foot; 
head  0.182  foot. 

August  26, 1899,  the  discharge  over  the  same  weir  measured  0.009  second-foot; 
head  0.02  foot. 

March  1,  1900,  the  discharge  over  the  same  weir  measured  1.12  second-feet; 
bead  0.522  foot. 

June  12,  1900,  the  discharge  measured  0.13  second-foot  over  the  same  weir;  head 
0.12  foot,  velocity  of  approach  less  than  0.25  foot  per  second,  two  full  end  con- 
tractions. 

Swamp  ditch. — September  1, 1898,  there  were  1.02  second-feet  flowing  in  flume 
to  the  Riverside  Water  Company's  Bice-Thome  flnme;  the  water  area  was  0.32 
square  foot,  the  surface  velocity  3.5  feet  per  second,  coefficient  80  per  cent. 

February  28, 1899,  the  discharge  measured  0.85  second-foot  over  a  weir  at  the 
first  distributing  box;  length  of  weir  1  foot,  head  0.427  foot,  velocity  of  approach 
less  than  0.5  foot  per  second,  two  full  end  contractions. 

June  20, 1899,  the  discharge  over  the  same  weir  measured  0.77  second-foot;  head 
0.4  foot. 

August  30, 1899,  the  discharge  over  the  same  weir  measured  0.69  second-foot; 
bead  0.37  foot. 

March  21, 1900,  the  discharge  over  the  same  weir  measured  0.7  second-foot;  head 
0.374  foot. 

June  7, 1900,  the  discharge  over  the  same  weir  measured  0.89  second-foot;  head 
0.44  foot,  velocity  of  approach  less  than  0.5  foot  per  second,  two  full  end 
contractions. 
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Ranchero  diMi, — September  22, 1808,  at  1  p.  m.,  the  discharge  measnred  1.64 
second-feet  over  a  weir  in  the  cement  ditch  on  the  Ba3mor  ranch;  length  of  weir 
4  feet,  head  0.25  foot,  velocity  of  approach  less  than  0.5  foot  per  second,  two  fnll 
end  contractions. 

March  18, 1899,  the  discharge  measured  the  same  over  the  same  weir. 

June  23, 1899,  at  4.80  p.  m.,  the  discharge  over  the  same  weir  measnred  1  second- 
foot;  head  0.18  foot. 

Angnst  26, 1899,  the  discharge  over  the  same  weir  measnred  0.41  second-foot; 
head  0.1  foot. 

March  17, 1900,  the  discharge  over  the  same  weir  measnred  0.24  second-foot; 
head.0.07  foot. 

June  12, 1900,  the  discharge  measnred  0.55  second-foot  in  the  ditch;  sectional 
area  0.74  square  foot,  surface  velocity  1  foot  per  second,  coefficient  75  per  cent. 

Ward  cfir  Warren  diteh.^ln  June,  1898,  this  ditch  was  receiving  from  the  Rice- 
Thorne  canal  1.60  second-feet  of  water  and  from  the  river  0.72  second-foot. 

March  10,  1899,  there  were  8.09  seoond-feet  flowing  over  a  weir  3.83  feet  in 
length  near  the  head  of  the  ditch;  head  0.434  foot,  velocity  of  approach  less  than 
0.5  foot  per  second,  two  full  end  contractions. 

June  20,  1899,  the  discharge  measnred  0.615  second-foot  over  a  weir  1  foot  in 
length  near  the  headworks;  head  0.84  foot,  velocity  of  approach  less  than  0.5  foot 
per  second,  two  full  end  contractions. 

August  30, 1899,  the  discharge  measured  1.56  second-feet  over  a  weir  2  feet  in 
length  near  the  headworks;  head  0.38  foot,  velocity  of  approach  less  than  0.5  foot 
per  second,  two  full  end  contractions. 

March  19, 1900,  the  discharge  measnred  2.55  seoond-feet  over  a  weir  8  feet  in 
length  at  the  head  of  the  ditoh;  head  0.41  foot,  velocity  of  approach  less  than  0.5 
foot  x)er  second,  two  full  end  contractions. 

June  28, 1900,  the  discharge  measured  1.7  second-feet  in  the  ditoh  just  below 
the  dam  across  Santa  Ana  River;  sectional  area  1.95  square  feet,  surface  velocity 
1.25  feet  per  second,  coefficient  70  x>er  cent. 

Mill  flume  of  Riverside  Water  Company, — June  15, 1898,  there  were  8.12  second- 
feet  flowing  at  the  end  of  the  flume  near  the  old  Colton  mill;  water  area  1.76 
square  feet,  surface  velocity  2.22  feet  i>er  second,  coefficient  80  x>er  cent. 

September  12, 1898,  at  3.85  p.  m.,  there  were  3.86  second-feet  at  the  same  place; 
water  area  1.68  square  feet,  surface  velocity  2.5  feet  per  second. 

February  28,  1899,  there  were  5.3  seoond-feet  at  the  same  place;  water  area 
2.208  square  feet,  surface  velocity  3  feet  per  second,  coefficient  80  per  cent. 

June  26, 1899,  the  discharge  measnred  7.29  second-feet  at  the  same  place;  water 
area  3.04  square  feet,  surface  velocity  3  feet  i>er  second,  coefficient  80  per  cent. 

August  30, 1899,  the  discharge  measured  2.56  second-feet  at  the  same  place; 
water  area  1.6  square  feet,  surface  velocity  2  feet  per  second,  coefficient  80  jier  cent. 

March  9, 1900,  the  discharge  measured  2.67  second-feet;  water  area  1.52  square 
feet,  surface  velocity  2.2  feet  i>er  second,  coefficient  80  per  cent. 

June  7, 1900,  the  discharge  measured  2.17  seoond-feet;  sectional  area  1.86  square 
feet,  surface  velocity  2  feet  per  second,  coefficient  80  per  cent. 

Colton  mill  pump  of  Riverside  Water  Company, — June  15, 1898,  there  were  1.94 
second-feet  flowing  over  the  weir  at  the  old  Colton  mill;  length  of  weir  4.015  feet, 
head  0.276  foot,  no  end  contractions,  velocity  of  approach  less  than  1  foot  per 
second. 

September  1, 1898,  there  were  2.04  second-feet  flowing  over  the  same  weir;  head 
0.286  foot. 

June  26, 1899, 1.77  second-feet  were  flowing  over  the  weir;  head  0.26  foot. 

August  31, 1899, 1.67  second-feet  were  flowing  over  the  weir;  head  0.25  foot. 

June  7,1900,  the  discharge  over  the  weir  measured  1.88  second-feet;  head  0.27 
foot,  velocity  of  approach  less  than  1  foot  per  second,  no  end  contractions. 
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Camp  Carlton  ditch,— June  SO,  18d8,  at  4.80  p.  m.,  0.61  second-foot  was  flowing 
over  the  weir  at  the  Waterman  avenne  crossing;  length  of  weir  3.33  feet,  head 
0.146  foot,  velocity  of  approach  less  than  0.5  foot  per  second,  two  fnll  end  con- 
tractions. 

Septemher  12, 1896,  at  9.30  a.  m.,  there  were  1.2  second-feet  flowing  oyer  the 
same  weir;  head  0.229  foot. 

March  7, 1899,  there  were  2.18  second-feet  flowing  over  the  weir;  head  0.888  foot. 

Jnne  20, 1899, 1.62  second-feet  were  flowing  over  the  weir;  head  0.28  foot. 

Angnst  27, 1899, 1.02  second-feet  were  flowing  over  the  weir;  head  0.25  foot. 

March  21,  1900,  2.55  seoond-feet  were  flowing  over  the  weir;  head  0.38  foot 

Jnne  7, 1900,  the  discharge  over  the  weir  measured  2.6  second-feet,  head  0.385 
foot,  velocity  of  approach  less  than  1  foot  pesr  second,  two  fall  end  contractions. 

East  Riverside  irrigation  district, — It  is  stated  that  on  Jnne  10, 1898, 4.4  second- 
feet  were  being  pumped  for  this  district  at  the  head  of  the  Vivienda  pipe  line. 

September  17, 1898,  at  4  p.  m.,  measurement  showed  that  4.43  secoud-feet  were 
flowing  over  a  weir  3.38  feet  in  length  at  the  reservoir  at  the  head  of  the  Vivi- 
enda pipe  line,  which  runs  to  East  Riverside.  Head  0.55  foot,  two  full  end  con- 
tractions, velocity  of  approach  less  than  1  foot  per  second. 

March  13, 1899,  4.25  second-feet  were  flowing  over  the  same  weir;  head  0.54  foot. 

June  23, 1899,  at  4  p.  m.,  there  were  2.08  second-feet  flowing  over  the  same  weir; 
head  0.33  foot. 

March  1,  1900,  there  were  6.59  second-feet  flowing  over  a  weir  4.16  feet  long  in 
the  tunnel  pipe  line;  head  0.6  foot,  no  velocity  of  approach,  two  full  contractions. 

June  12, 1900,  the  discharge  over  the  foregoing  weir  measured  5.38  second-feet; 
head  0.542  foot,  two  full  end  contractions,  velocity  of  approach  less  than  1  foot 
per  second. 

Colton  Terrace  Water  Company, — ^June  30, 1898, 1.97  second-feet  were  flowing 
over  a  weir  2  feet  in  length  at  Reservoir  Hill;  head  0.456  foot. 

September  22, 1898, 1.61  second-feet  were  flowing  over  a  weir  at  the  head  of  the 
pijw  line  above  First  street  in  San  Bernardino;  head  0.3  foot,  length  of  weir  3  feet. 

March  13, 1890, 1.69  second-feet  were  flowing  over  the  same  weir;  head  0.31  foot. 

June  26, 1899, 1.3  Second-feet  were  flowing  over  the  same  weir;  head  0.26  foot. 

August  26,  1899,  the  discharge  measured  the  same  as  on  June  26. 

March  17,1900,  the  discharge  over  the  same  weir  measured  1.69  second-feet;  head 
0.31  foot. 

June  12,  1900,  the  discharge  over  the  same  weir  measured  1.54  second-feet;  head 
0.292  foot,  velocity  of  approach  lees  than  1  foot  per  second,  two  end  contractions. 

City  of  Colton  pumping  plants,  —June  26, 1899,  2.09  second-feet  were  flowing 
over  a  weir  4.17  feet  in  length  at  the  head  of  the  pipe  line  of  the  First  street  reser- 
voir in  San  Bernardino;  crest  of  weir  18  inches  wide,  head  0.29  foot. 

August  26, 1899,  1.53  second-feet  were  flowing  over  the  same  weir. 

August  26,  1899,  the  pumping  plant  west  of  Mount  Vernon  avenue  was  dis- 
charging 3.37  second- feet  over  a  weir  2  feet  long  in  the  pipe  line;  head  0.52  foot, 
two  full  contractions,  velocity  of  approach  less  than  0.5  foot  per  second. 

March  17,  1900,  the  First  street  pumps  were  discharging  2.57  second-feet  over-a 
weir  4. 15  feet  long,  crest  18  inches  wide,  head  0.33  .foot,  two  full  contractions, 
velocity  of  approach  less  than  0.5  foot  per  second. 

Jnne  12, 1900,  the  discharge  of  the  two  pumping  plan tsjneasured'8.21  second- feet. 
The  First  street  pump  was  discharging  1.23  second-feet  over  a  weir  4.15  feet  long 
at  the  head  of  the  pipe  line;  head  0.23  foot,  velocity  of  approach  less  than  0.5  foot  per 
second,  two  full  contractions.  The  Mount  Vernon  avenue>pumps  were  discharging 
1.98  second-feet  over  a  weir  2  feet  long  in  the  reservoir;  head  0.46  foot,  two  end  con- 
tractions, velocity  of  approach  less  than  0.5  foot  per  second. 

Whitlock  ditch. — June  29,  1898,  at  5  p.  m.,  the  discharge  measured  0.34  second- 
foot  in  the  flume  on  Styles  street  across  the  McEenzie  ditch;  the  water  area  was 
2.65  square  feet,  surface  velocity  1.6  feet  per  second,  coefficient  80  per  cent. 


36 


WATER   IN   SOUTHERN    OALIFOBNIA,  PART   I. 


[K0.59. 


October  6, 1898,  the  discharge  in  the  flume  measured  0.38  second-foot,  water  area 
0.338  square  foot,  velocity  of  approach  1.42  feet  per  second,  coefGicient  80  per  cent. 

March  1,  1899,  the  discharge  in  the  flnme  measnred  0.47  second-foot,  water  area 
0.59  square  foot,  velocity  of  approach  I  foot  per  second,  coefficient  80  per  cent. 

June  27,  1899,  the  discharge  in  the  flume  measured  0.277  second-foot,  water  area 
0.6  square  foot,  velocity  of  approach  0.60  foot  per  second,  coefficient  80  per  cent. 

August  28, 1899,  the  dischargee  in  the  flume  measured  0.094  second-foot,  wat«r 
area  0,147  square  foot,  surface  velocity  0.8  foot  per  second. 

March  15,  1900,  the  discharge  in  the  same  flume  measured  0.232  second-foot, 
water  area  0.145  square  foot,  surface  velocity  1  foot  per  second. 

June  23, 1900,  the  ditch  at  this  point  was  dry. 

Bloomington  flume. — September  17,  1898,  at  4.00  p.  m.,  the  Bloomington  flume 
was  discharging  5.49  second-feet  of  water  over  a  weir  2  feet  in  length  at  the  upper 
end  of  the  flume.  That  weir  was  ful:merged  0.41  foot;  the  head  was  0.96  foot, 
velocity  of  approach  less  than  0.5  foot  per  second,  two  end  contractions. 

June  23,  1899,  5.930  second-feet  were  flowing  over  the  same  weir.  The  weir  was 
submerged  0.19  foot,  the  head  was  0.95  foot,  velocity  of  approach  2  feet  per  second, 
two  end  contractions. 

August  26, 1899,  3.05  second-feet  were  flowing  over  the  same  weir,  which  was 
not  submerged.    The  head  was  0.62  foot. 

March  16, 1900,  the  weir  at  the  upper  end  of  the  flume  was  found  to  be  destroyed; 
3.8  second- feet  were  measured  by  floats  at  the  lower  end  of  the  flume;  the  water 
area  was  3.05  square  feet,  surface  velocity  1.66  feet  per  second,  coefficient  80  per 
cent. 

June  12, 1900,  the  discharge  near  the  end  of  the  flume  measured  3.68  second-feet, 
sectional  area  3.93  square  feet,  surface  velocity  1.25  feet  per  second,  coefficient  75 
per  cent. 

Johnson  A  Hubbard  pumping  plant, — March  16,  1900,  1.26  second-feet  were 
flowing  in  the  flume  at  the  lower  end  of  the  pipe  line  just  east  of  Golton.  The 
water  area  was  1.1  s(iuare  feet,  surface  velocity  1.43  feet  per  second,  coefficient  80 
per  cent. 

Comparative  amounts  of  water,  in  second-feetf  flowing  in  canals  above  Cotton. 


Name  of  ditch. 

June, 
1888. 

0.84 
5.37 
2.30 
2.54 
8.42 
.67 

.59.04 

.00 

1.16 

C26.26 

.72 

.34 

.63 

.37 

.26 

1.00 

bl.75 

2.82 

3.12 

1.94 

.61 

4.40 

1.97 

6.82 

5.20 

f^' 

Mar., 
1899. 

June, 
1899. 

1899. 

Mar., 
1900. 

June, 
1900. 

Sept., 
1900. 

Haws  Sb  Talmasre 

0.00 
3.07 
2.06 
2.08 
bl7.00 
b.65 

61.34 

.00 

1.16 

C25.07 

.63 

.38 

.67 

.088 

.01 

1.02 

1.64 

b2.32 

3.36 

2.04 

1.20 

4.43 

1.61 

7.40 

5.49 

0.28 
2.36 
2.28 
9.40 
17.00 
.72 

60.53 
.00 
.72 

C26.68 

1.61 

.47 

.71 

.82 

.76 

.85 

1.64 

8.09 

5.30 

(d) 

2.13 

4.25 

1.60 

3.20 

0.00 
1.54 
1.13 
3.86 
15.48 
.52 

58.92 

.00 
.24 

C26.22 

1.15 

.28 

.51 

.15 

.246 

.77 

1.00 

.615 

7.29 

1.77 

1.62 

2.08 

l.:» 

5.49 
5.93 

0.00 
.94 
.90 

2.00 

10.45 

.40 

52.04 

.00 

.64 

123.47 

.54 

.094 

.51 

.00 

.01 

.69 

.41 

1.56 

2.56 

1.67 

1.02 

2.00 

1.30 

3.89 

3.06 

0.00 
.54 
.507 

2.5» 

13.94 

.68 

61.94 
.00 
.305 
0  21.96 

1.26 
.23 
.72 
.14 

1.12 
.70 
.24 

2.56 

2.67 

2.55 
6.59 
1.09 
4.94 
8.80 

0.00 
.35 
.40 

1.57 

13.78 

.50 

52.94 

.00 

.29 

*-22.33 

.49 

.00 

1.12 

.01 

.13 

.89 

.55 

1.70 

2.17 

1.88 

2.60 

5.38 

1.54 

3.21 

3.68 

0.00 

RabelDam 

Shay  OP  Stout  Dam 

.cr? 

.16 

McKcDzie 

l.t9 

Moeksft  Daley 

14.68 

Beam   

.33 

Riverside    Water    Co.,    upper 

canal* 

Timber 

61.  (S 

Ga^e  canal,  Santa  Ana  River  . . . 

Ci^agc  canal,  Palm  avenue 

LoflTsdon  &  Parrel 

.17 

c2:.8.5 

.30 

Wnitlock 

.110 

Daley 

.!A 

Mclntvre  . ........ 

.01) 

Whiting 

.00 

Swamp  --_ --..- 

.86 

Ranch oro           . ...  .. 

1..13 

Ward  &  Warren 

.53 

Mill  flume,  Riverside  Water  Co. 
Mill  pump.  Riverside  Water  Co 
Oamt)  Carlton          

.94 
1.5S 
1.67 

East  Riverside 

3.70 

Colton  Terrace  Water  Co 

City  of  (Bolton 

1.53 
3.54 

BloominfiTtoD  flume  ^. ....  -  -.- 

3.28 

Total    

138.11 

144.60 

146.44 

132.11 

110.14 

131.46 

117.41 

125.61 

•Above  Blover  Mountain.        b Interpolated.       c River  water  not  included.       ^  Pumpe  not  ran. 
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Return  teater,  natural  flow  in  second-feet,  compared  with  developed  toater  in 

San  Bernardino  Valley  above  Cotton, 


Name  of  ditch. 


Haws  &  Talmage 

RabelDam 

Shay  or  Stout  Dam  ... 

McKenzie 

Beam 

Riverside  Water  Co., 

per  canal 

6&f^  camil,    Santa    Ana 

Rirer — 

Gi^e  canal,  Palm  avenne 


June,  1898. 


up- 


weir 

Logadon&  Farrell 

WhiUock 

Daley 

Mclntyre 

Whitinjr 

Swamp 

Rancbero 

Ward  &  Warren 

Mill  flnme  of  Riverside 
Water  Co 

Mill  pamp  of  Riyerslde 
Water  Co 

Camp  Carlton  ditch 

East  Riverside  district,  or 
Riverside  Highland  Wa- 
ter Co  

C<ilton  Terrace  Water  Co. . 

Citv  of  Colton  pumping 
plant 

Bloomington  flume 

Meelu  &  Daley  ditch 


18.00 


0.84 
5.37 
2.30 
2.54 
.67 

41.04 

1.16 


26.86 


1.60 


Total 


1.94 
.61 


4.40 
1.97 

6.82 
5.26 


OO.  OO 


.72 
.34 
.63 
.37 
.26 
1.00 
■1.75 
.72 

3.12 


8.42 
7iuK 


September,  1896. 

March,  1899. 

June 

Devel- 
oped. 

Natural. 

Devel- 
oped. 

Natural. 

Devel- 
oped. 

0.00 
8.07 
2.08 
2.08 
.65 

0.28 
2.36 
2.23 
9.40 
.72 

~ 

17.54 

43.80 
1.16 

18.04 

42.49 
.72 

17.50 

25.07 

26.68 

25.22 

.63 

1.61 

.38 

.47 

.67 

.71 

.038 

.82 

.010 

.76 

i.Ga» 

.85 

1.640 

1.64 

1.60 

.720 
8.360 

1.60 
No't" 

1.49 
5.30 

.615 

2.04 
1.20 

4.43 
1.61 

7.40 
5.40 

run. 
2.13 

4.26 
1.69 

3.20 
.00 

1.77 
1.62 

2.06 
1.30 

5.49 
5.98 

■17.00 

17.00 

66.38 

78.31 

57.69 

68.85 

61.525 

NaturaL 


0.00 
1.54 
1.13 
3.86 
.52 

36.42 


.24 


1.15 
.28 
.51 
.15 
.246 

.n 

1.00 


7.29 


15.48 


ro.59 


August,  1899. 

March,  1900. 

June,  1900. 

September,  inOO. 

Name  of  ditch. 

Devel- 
oped. 

Natural. 

Devel- 
oped. 

Natural. 

1 

Devel- 
oped. 

Natural. 

Devel- 
oped. 

Natural. 

Hl^WA  <^  TRlmaflfA        _  . 

0.00 
.94 
.90 

2.00 
.40 

24.54 

.64 

24.54 
21.96 

""i.66" 

0.000 
.540 
.607 

2.300 
.^80 

37.40 

.306 

0.00 

32.36 
22.23 

'Too 

1.88 
2.60 

5.38 
1.54 

3.21 
3.68 

74.48 

0.00 
.35 
.40 

1.57 
.50 

20.58 

.29 

27.00 
27.85 

■"".*8n" 

.53 

1.52 
J. 67 

3.70 
1.53 

3.54 

3.28 

o.no 

RabelDam T 

.07 

Shay  or  Stout  Dam 

.16 

Mckenzie 

1.69 

B^am  .  .._ 

.33 

Riverside  Water  Co.,  up- 
per canal 

27.50 

34.02 

Gage    canaU   Santa  Ana 
River 

.17 

Gage  canal.  Palm  avenue 
-vreir -.... 

23.47 

LcMcsdon  &  Farrell 

.54 
.00 
.51 
.00 
.01 
.60 
.41 

1.26 
.23 
.TZ 
.14 

1.12 
.70 
.24 
.95 

2.67 

Not  run. 

.40 
.00 
1.12 
.01 
.13 
.89 
.55 
.10 

2.17 

.a) 

Whitlock 

.00 

Daley 

.54 

Mclntvre .. ._.-.. ...... 

.00 

Whiting 

.00 

Swamp - 

.m 

Rancbero 

.53 

Ward  &  Warren 

1.56 

. ..... .... 

Mill   flnme  of  Riverside 
Water  Co 

2.56 

.04 

Mill  pump  of   Riverside 
Water  Co 

1.67 
1.02 

2.00 
1.30 

8.89 
8.05 

Camp  Carlton  ditch 

EB.<(t  Riverside  district,  or 
Riverside  Highland  War 
t*»rCo 

2.55 

6.69 
1.69 

4.94 
8.80 

Colton  Terrace  Water  Co. . 

Citv  of  Colton  pumping 
plant.  - ....... 

Bloomington  flume 

Meeks  &  Daley  ditch 

10.45 

13.94 

13.78 

14.08 

Total 

65.46 

44.68 

67.67 

63.79 

42.93 

71.43 

54.18 

■  Interpolated. 
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From  the  two  preceding  tables  it  will  be  noted  that  despite  severe 
droughts  which  existed  from  1898  to  1900,  inclusive,  the  output  of 
water  from  the  gravel  beds  above  Colton  has  but  slightly  diminished, 
the  total  being  144.69  second-feet  in  September,  1898,  as  compared 
with  125.61  second-feet  in  September,  1900.  The  amount  of  developed 
water  in  September,  1898,  was  66.38  second-feet  and  in  September, 
1900,  71.42  second-feet,  while  the  natural  return  water  between  the 
same  dates  decreased  from  78.31  second-feet  to  54.18  second- feet. 
During  this  i>eriod  much  development  work  was  done,  and  while 
these  new  supplies  do  not  mean  an  absolute  addition  to  the  output 
from  the  district,  the  fact  that  the  total  supply  was  maintained  not- 
withstanding the  drought  is  a  decided  achievement. 

The  most  important  question  in  considering  this  underground  water 
supply  is  the  rate  at  which  the  gravel  beds  will  be  recharged  during 
wet  years.  This  undei^ound  reservoir  is  of  such  magnitude,  how- 
ever, that  it  will  require  a  term  of  years  to  demonstrate  what  these 
conditions  are.  Certainly  more  water  can  not  be  permanently  pumped 
from  a  reservoir  than  its  mean  inflow.  During  this  investigation  an 
effort  has  been  made  to  determine  the  elevation  of  the  water  plane 
throughout  the  valley  above  Colton,  as  shown  on  PL  I.  During  the 
last  four  years  the  plane  of  saturation  has  been  lowered.  After  a 
cycle  of  rainy  years  observations  of  these  saine  wells  should  be  taken 
to  determine  what  the  rise,  if  any,  in  the  water  plane  has  been.  Not 
until  this  has  been  done  will  it  be  possible  to  state  whether  the  supply 
is  of  a  permanent  nature.  The  data  now  at  hand,  though  meager, 
indicate  that  140  second-feet  can  with  safety  be  continuously  with- 
drawn, but  this  amount  should  not  he  greatly  increased. 

WEIilJS. 

There  are  a  large  number  of  artesian  wells  near  San  Bernardino  and 
Colton,  in  the  basins  of  Santa  Ana  River,  Lytle  Creek,  and  Warm 
Creek.  On  page  530  of  Physical  Data  and  Statistics  of  California, 
published  by  the  State  engineering  department  in  1886,  is  given  a  list 
of  408  artesian  wells  above  Colton,  208  of  which  were  measured  and 
found  to  be  discharging  20.11  second-feet.  Nearly  all  of  these  wells 
must  have  been  near  San  Bernardino  and  Colton,  and  all  of  them 
must  have  been  in  San  Bernardino  Valley.  In  1898  the  wells  in  Santa 
Ana  River  Basin  proper  that  supply  irrigation  water  were  all  flowing 
wells.  In  the  basin  of  Lytle  Creek  the  wells  are  more  numerous, 
and  are  owned  either  by  individuals  or  by  small  corporations.  In 
the  town  of  San  Bernardino  many  artesian  wells  have  been  bored 
for  domestic  purposes  during  the  last  twenty  years,  which  when  prop- 
erly capped  furnished  water  under  pressure  to  many  houses.  These 
wells  are  from  200  to  400  feet  deep,  and  all  are  driven  through  layers 
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of  clay  and  gravel.  They  cost  (in  1898),  cased,  from  $1  per  lineal  foot 
for  4-inch  wells  to  $2  per  lineal  foot  for  10-inch  wells.  Some  of  them 
furnished  as  much  as  50  miners'  inches  of  water;  many  of  the  smaller 
wells  flowed  only  3  to  5  miners'  inches.  During  the  last  four  years 
many  of  these  wells  in  the  city  of  San  Bernardino  have  ceased  to  flow, 
and  the  discharge  of  all  of  them  has  greatly  decreased.  These  wells 
afford  a  very  cheap  water  supply  in  a  locality  where  the  large  irriga- 
tion companies  charge  from  5  to  20  cents  for  a  run  of  1  miners'  inch 
for  twenty-four  hours.  The  area  of  artesian  lands  in  this  basin  was 
32  square  miles  in  1897  and  15  square  miles  in  1900.  The  irrigation 
companies  have  purchased  these  water-bearing  lands.  About  fifty 
wells  have  been  sunk  in  the  Lytle  Creek  Basin.  The  prices  at  which 
the  lands  are  sold  vary  widely.  In  August,  1888,  the  Riverside 
Water  Company  paid  $25,000  for  40  acres  of  artesian  land  in  the 
Warm  Creek  bottoms.  In  1898  the  same  company  bought  the  water 
right  to  72  acres  of  excellent  artesian  lands  in  the  Warm  Creek 
Basin  for  $50  an  acre.  The  latter  price  has  also  been  paid  in  several 
localities  northwest  of  San  Bernardino,  between  the  Lytle  Creek  Wash 
and  the  mesa  to  the  west,  which  seems  to  be  an  extension  of  the 
Bunker  Hill  dike.  Pumping  plants  have  been  placed  in  many  of  the 
wells,  and  the  supply  has  thus  been  increased.  The  result  has  been 
to  very  largely  exhaust  the  small  domestic  wells  in  the  city  of  San 
Bernardino,  and  it  would  now  appear  that  it  has  become  a  contest 
)>etween  the  owners  of  the  pumping  pla)its  as  to  which  shall  control 
the  water.  It  probably  is  largely  a  question  of  pumping  out  an  under- 
ground reservoir,  and  the  man  who  taps  it  lowest  down  and.  has  the 
strongest  pump  will  get  the  most  water.  The  results  of  a  series  of 
interesting  experiments  made  by  Prof.  E.  W.  Hilgard  on  the  wells 
at  the  head  of  the  Gage  system  are  given  under  the  description  of 
the  water  supply  of  that  system.  These  experiments  show  that  in 
April,  1889,  capping  and  uncapping  27  adjoining  flowing  wells  did  not 
produce  an  immediate  effect  upon  the  surrounding  wells. 

The  table  on  pages  84  and  85,  showing  the  effect  of  opening  and  clos- 
ing neighboring  artesian  wells  of  the  Gage  canal  system,  is  also  of 
interest  in  considering  this  matter.  Observations  of  55  wells  were 
made  in  October,  1892,  and  while  the  volume  of  water  increased  as 
more  wells  were  sunk,  the  aggregate  flow  is  not  so  great,  by  52  per  cent, 
as  the  sum  of  the  flow  of  the  individual  wells  when  all  of  the  wells 
except  one  were  closed. 

The  question  whether  the  water  supply  in  the  aggregate  can  per- 
manently be  increased  by  digging  larger  wells  and  pumping  is  of 
course  a  vital  one  in  this  connection.  An  artesian  basin  is  practically 
an  underground  reservoir.  In  this  case  it  is  probably  refilled  during 
wet  years,  principally  by  the  winter  fioods  from  the  surrounding  moun- 
tain drainage  basins  and  from  the  return  water  from  irrigation. 
When  the  reservoir  is  filled  the  basin  runs  over  at  its  rim  and  permits 
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larger  surface  flow.  The  wells  tapping  this  basin  at  its  lowest  depres- 
sion probably  occupy  the  most  favored  positions,  and  those  at  the 
upper  rim  the  poorest  positions.  All  draw  from  the  same  source,  and 
it  is  exceedingly  dif&cult  to  tell  which  wells  are  responsible  for  the 
draining  of  those  that  have  failed.  It  is  claimed  by  the  owners  of  the 
newer  pumping  plants  that  the  failure  of  the  wells  that  ceased  to  flow 
in  1898  is  due  to  the  series  of  dry  years  that  preceded. 

During  the  winter  of  1897-98  there  were  very  few  floods,  and  even 
the  normal  winter  flow  of  the  streams  was  diverted  for  irrigation  pur- 
poses. The  same  condition  prevailed  in  the  winters  of  1898-99  and 
1899-1900.  The  points  of  diversion  on  some  of  the  surrounding 
streams  have  been  moved  higher  up  into  the  canyons  and  tunnels  run 
under  the  stream  beds  to  bed  rock,  which  tends  to  decrease  the  snp- 
ply  of  artesian  water.  While  the  wells  near  San  Bernardino  have 
failed  and  the  wells  in  the  Lytle  Creek  Basin  have  fallen  from  19.12 
second-feet  in  June  to  13.94  second-feet  in  September,  those  in  the 
lower  central  portion  of  the  main  valley  have  held  their  own.  There 
is  apparently  no  redress  at  law  for  those  whose  wells  have  failed, 
because  it  is  difficult  to  show  any  direct  stream  relation  between  given 
groups,  and  at  present  the  law  does  not  take  cognizance  of  so  complex 
conditions. 

The  more  an  artesian  basin  is  drawn  upon  the  greater  wiU  be  its 
storage  capacity  in  unfilled  voids  during  the  following  season;  conse- 
quently it  is  i)os8ible  that  the  total  output  from  this  basin  may  be 
permanently  increased  by  tapping  it  more  extensively  in  the  lower 
levels.  As  a  water  supply  is  controlled  absolutely  by  its  minimum 
production,  and  as  many  of  the  artesian  wells  about  San  Bernardino 
failed  during  the  summer  of  1898,  it  is  clear  that  the  limit  of  artesian 
supply  near  the  1,100-foot  contour  has  been  reached.  The  limit  of 
maximum  available  supply  entering  the  artesian  reservoir  is  gov- 
erned by  the  area  of  the  intake,  the  velocity  of  the  entering  water 
through  the  intake,  and  the  length  of  time  during  which  the  entering 
water  is  available.  These  conditions  are  manifestly  difficult  of 
determination. 

The  large  number  and  the  great  capacity  of  wells  that  have  been 
bored  in  the  lower  regions  of  the  artesian  belt  have  so  nearly 
approached  the  carrying  capacity  of  the  gravel  and  have  so  diminished 
the  pressure  at  the  lower  wells  that  it  is  difficult  to  obtain  a  definite 
idea  of  the  elevation  at  which  water  may  be  found  in  the  upper 
regions  of  the  artesian  belt.  A  distinct  grade  is  very  noticeable  in 
the  crest  of  all  wells  when  their  pressure  is  considered.  The  flowing 
of  water  from  these  wells  is  changed  from  a  condition  of  hydrostat- 
ics to  one  of  hydraulics.  It  is  of  interest  to  note  that  when  a  well 
has  an  even  flow  over  its  casing,  so  that  the  height  of  rising  water  in 
the  center  of  the  well  above  the  casing  can  be  accurately  measured, 
this  height  may  be  considered  as  the  head  on  a  weir,  the  length  being 
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the  circumference  of  the  pipe,  end  contractions  being  eliminated. 
The  probable  error  in  this  computation  ordinarily  will  not  exceed  4 
per  cent. 

All  of  the  wells  in  San  Bernardino  Valley  in  the  Redlands  and  San 
Bernardino  quadrangles,  irrespective  of  their  size  or  producing 
capacities,  were  visited  by  the  representatives  of  the  Geological  Sur- 
vey during  the  summer  of  1900.  The  412  wells  in  the  Redlands 
quadrangle  were  inspected  by  Mr.  Louis  Mesmer,  of  Los  Angeles, 
Cal.,  and  the  478  wells  in  the  San  Bernardino  quadrangle  were 
inspected  by  Mr.  C.  J.  Roney,  observer.  The  results  of  their  obser- 
vations are  contained  in  Part  II  of  this  report — ^Water-Supply  and 
Irrigation  Paper  No.  60. 

Artesian  weUs  of  the  Riverside  Water  Company. — During  the  last 
thirteen  years  the  Riverside  Water  Company  has  sunk  70  artesian 
wells  in  the  Warm  Creek  Basin  east  of  Colton  and  San  Bernardino, 
varying  in  depth  from  60  feet  to  590  feet  and  in  diameter  from  6  inches 
to  10  inches.  The  largest  well  developed  by  the  company  previous  to 
1898  was  in  the  bottom  land  of  Santa  Ana  River,  in  lot  2,  block  54, 
San  Bernardino  Rancho,  about  2  miles  east  of  the  town  of  Colton.  In 
the  spring  of  1898  the  managers  of  the  Riverside  Water  Company 
decided  to  increase  this  development  by  sinking  numerous  shallow 
wells  8  or  9  inches  in  diameter  about  300  feet  apart,  and  close  enough 
to  discharge  their  waters  directly  into  the  company's  main  conduit  lead- 
ing to  Warm  Creek.  Fo;*  this  purpose  two  hand  rigs  were  procured 
and  13  wells  were  sunk,  at  an  average  cost  of  $1.75  per  foot,  the 
result  being  an  increase  of  282  miners'  inches  (5.64  second-feet). 
These  wells  were  bored  through  alternate  layers  of  sand  and  clay  to 
water-bearing  gravel  and  bowlders  by  means  of  derricks  and  sand 
pumps. 

The  total  output  of  this  tract,  as  measured  Jane  30,  1898,  was  554 
miners'  inches  (11.09  second-feet),  79  miners'  inches  (1.58  second- 
feet)  of  which  goes  to  the  Ward  &  Warren  ditch,  the  remaining  445 
miners'  inches  (9.51  second-feet)  being  delivered  into  Warm  Creek 
just  above  the  Riverside  Water  Company's  upper  canal  diversion. 

One  of  the  largest  wells  was  sunk  on  the  south  side  of  Warm  Creek 
in  lot  11,  block  51,  San  Bernardino  Rancho.  It  was  commenced  in 
January,  1898,  and  was  completed  in  February,  1898,  the  total  cost 
being  11,100.  It  is  590  feet  deep,  has  a  10-inch  casing  of  No.  10  iron, 
B.  W.  G.  The  water  all  comes  from  the  bottom,  and  when  com- 
pleted the  well  flowed  120  miners'  inches  (2.4  second-feet).  During 
the  summer  of  1898  a  basin  was  placed  around  this  well  and  con- 
nected by  a  pipe  to  the  main  channel  of  Warm  Creek.  Twelve  feet 
of  pipe  was  cut  oflf  from  the  top  of  the  well  to  make  it  correspond 
with  the  bed  of  Warm  Creek.  This  increased  the  flow  to  150  miners' 
inches  (3.0  second-feet).  The  cost  of  water  from  this  well  was  $7. 33  per 
miners'  inch.     There  are  seven  wells  on  this  tract,  the  aggregate  flow 
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of  which  in  August,  1898,  was  340  miners'  inches  (6.8  second-feet). 
This  water  is  carried  in  a  vitrified  clay  pipe  direct  to  the  natural  chan- 
nel of  Warm  Creek,  with  whose  waters  it  mingles,  and  on  its  course 
toward  Riverside  is  allowed  to  pass  through  the  various  head  gates 
of  the  irrigating  ditches  and  is  not  deducted  from  the  other  stream 
measured  at  the  Riverside  Water  Company's  upper  canal. 

During  the  months  of  March  and  April,  1900,  the  Riverside  Water 
Company  sunk  three  wells,  to  an  average  depth  of  552  feet,  in  block 
44  of  the  San  Bernardino  Rancho.  The  water  all  comes  from  the 
extreme  bottom  of  these  wells.  The  pipes  are  10  inches  in  diameter, 
of  No.  12  iron,  B.W.G.  On  May  19,  1900,  the  total  flow  of  these 
three  wells  was  420  miners'  inches  (8.40  second-feet). 

Martius  well. — The  Martins  well,  at  Tippecanoe  station,  on  the  Riv- 
erside Motor  Railroad,  may  be  taken  as  a  type  of  numerous  pumped 
dug  wells.  It  was  excavated  in  1893,  is  20  feet  deep  and  12  feet  in 
diameter.  The  wall  is  of  dried  brick  laid  on  a  wooden  toe  of  crib 
work.  Mr.  Martius  says  that  at  first  he  used  a  steam  engine  to  run 
the  pump,  but  the  cost  was  $3  for  a  day  of  ten  hours.  He  now  (1900) 
uses  a  9-horsepower  Webber  gasoline  engine,  and  the  cost  of  pumping 
is  $1.30  a  day,  or  at  the  rate  of  1.44  cents  per  horsepower  per  hour.  A 
centrifugal  pump  is  used,  and  15  miners'  inches  (0.30  second-foot)  of 
water  are  raised.  This  water  is  used  for  irrigation  and  street  sprink- 
ling. Ordinarily  the  cost  of  gasoline  for  power  is  about  33  per  cent 
less  than  this  amount. 

PUMPING  PliANTS. 

One  feature  of  special  interest  in  the  pumping  plants  in  this  valley 
is  the  use  of  electric  motors  for  developing  power.  The  mountain 
streams  enter  the  valley  on  very  heavy  grades,  and  when  diverted 
from  their  canyons  into  canals  they  obtain  as  much  as  400  or  500  feet 
head  in  4  or  5  miles  length  of  conduit.  The  water  is  then  dropped 
through  large  steel  pressure  pipes  to  nozzles  which  play  on  impulse 
water  wheels  of  the  Pelton,  Knight,  or  Tuthili  make.*  These  wheels 
have  velocities  so  high  that  they  can  be  coupled  on  the  same  shaft 
with  the  dynamos,  thus  eliminating  loss  by  gearing.  By  means  of 
transformers  the  voltage  of  the  current  to  be  transmitted  is  "stepped 
up"  to  from  20,000  to  40,000  volts,  i.  e.,  it  is  driven  over  the  transmis- 
sion line  under  very  heavy  pressure  to  the  point  where  it  is  intended 
to  be  used.  It  is  then  "  stepped  down"  to  a  low  voltage  for  the  motor 
which  drives  the  pump.  The  3-phase  motor  is  the  machine  usually 
employed  for  this  work.  Numerous  plants  of  this  class  have  been  in 
service  in  this  locality  for  the  last  two  years.  They  give  little  or  no 
trouble,  and  are  easily  started  under  a  load.  One  attendant  can  watch 
three  or  four  of  these  plants  when  they  are  situated  within  distances  of 

*  For  description  of  some  of  these  i)Ower  plants,  see  Nineteenth  Ann.  Bept.  U.  S.  GeoL  Survey, 
Pt.  IV. 
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from  a  half  to  a  fourth  of  a  mile  of  one  another.  The  20-horsepower 
motor  and  the  centrifugal  pump  is  the  most  popular  plant.  The  motor 
is  spherical  in  shape  and  only  4  feet  in  diameter.  The  amount  of  cur- 
rent used  for  power  is  metered  and  paid  for  at  meter  rates.  Single  or 
2-phase  motors  have  been  tried  for  this  work,  but  difficulty  is  found  in 
starting  them  under  a  load.  A  secondary  small  machine  called  an 
"exciter"  has  been  used  in  stai-ting  them,  but  even  then  trouble  is 
experienced.  The  method  of  obtaining  power  by  the  simple  turning 
of  a  switch,  without  the  usual  accompaniments  of  dirt  and  heat  and 
with  the  little  attendance  that  is  required  by  a  plant  of  this  character, 
is  ideal.  It  is  a  great  improvement  over  the  gas  engine.  Motors  run- 
ning horizontally,  attached  to  the  vertical  shaft  of  the  centrifugal 
pump,  are  now  (1900)  made,  and  give  increased  efficiency. 

Descriptions  of  the  pumping  plants  located  east  of  Mount  Vernon 
avenue,  San  Bernardino,  in  the  Lytic  Creek  bottom,  are  given  below. 
It  is  difficult  to  determine  the  volume  of  water  pumped,  as  the  pumps 
do  not  run  with  uniform  speed  and  usually  discharge  into  pipe  lines. 
The  statements  of  owners  as  to  volumes  discharged  have  usually  been 
accepted,  and  while  the  amounts  they  give  are  probably  somewhat  in 
excess  of  the  average  flow,  this  will  tend  to  compensate  for  a  number 
of  minor  flowing  wells  or  windmill  plants  not  visited  or  considered  in 
this  connection. 

Easi  Riverside  Pumping  Company^  Raynor  ranch. — In  June,  1898, 
the  East  Riverside  Pumping  Company  was  using  at  one  of  its  wells  a 
General  Electric  20-horsepower  3-phase  motor  under  550  volts  pres- 
sure. The  power  is  measured  by  meter  and  costs  (1898)  1  cent  per 
hour  per  horsepower  for  20-hour  days,  or  $6  a  month.  The  power  is 
furnished  by  the  Redlauds  Electric  Light  and  Power  Company  and  is 
developed  at  the  drop  in  the  Mill  Creek  Canyon.  In  1898  the  electric 
motor  was  consuming  16  horsepower  and  was  lifting  85  miners'  inches 
of  water  (1.7  second-feet)  28  feet  high  with  a  Byron-Jackson  No.  6 
centrifugal  pump  discharging  through  a  6-inch  pipe.  The  total  out- 
put from  the  plant  of  this  company  is  221  miners'  inches  (4.43  second- 
feet),  as  determined  by  weir  measurement  in  September,  1898.  The 
water  is  carried  through  the  Vivienda  pipe  line  to  the  East  Riverside 
irrigation  district. 

City  of  Colton  pumping  plant, — The  pumping  plant  of  the  city  of 
Colton  furnishes  water  for  iiTigation  and  domestic  use  at  and  near 
that  city.  Two  of  the  wells  (Nos.  2  and  3)  are  located  on  what  is 
known  as  the  Barnhill  and  Lamb  tract,  block  25,  San  Bernardino 
Rancho.  The  third  well  is  on  the  south  line  of  First  street.  All  are 
in  the  Lytic  Creek  Basin.     These  wells  are  locally  known  by  numbers. 

Well  No.  1  has  a  General  Electric  20-horsepower  3-phase  motor 
applying  14  horsepower  in  running  a  No.  6  Byron-Jackson  vertical 
centrifugal  pump,  and  on  June  27,  1898,  it  was  lifting  121  miners' 
inches  (2.42  second-feet)  35  feet  high  per  day  of  20  hours,  which  is 
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equivalent  to  101  miners'  inches  (2.02  second-feet)  for  a  24-hour  day. 
This  is  a  eased  well. 

Well  No.  2  is  a  10-inch  eased  well.  A  General  Electric  20-hor8epower 
3-phase  motor  of  550  volts  capacity  is  running  a  No.  10  Byron- Jackson 
horizontal  centrifugal  pump,  and  in  June,  1898,  was  said  to  be  lifting 
60  miners'  inches  (1.2  second- feet)  of  water  34  feet  high  per  day  of  20 
hours,  equivalent  to  50  miners'  inches  (1  second-foot)  for  a  24-hour 
day.  On  September  22,  1898,  this  plant  was  furnishing  31 
miners'  inches  (0.62  second-foot),  weir  measurement. 

Well  No.   3  is  a  10-inch  cased  well  on  the  Lamb  tract, 
A  lO-horsepower  3-phase  electric  motor  with  a  capacity  of 
550  volts  is  running  a  Byron-Jackson  horizontal  centrifugal 
pump  which  on  June  27, 1898,  was  raising  50  miners'  inches 
(1  second-foot)  of  water  35  feet  high  per  day  of  20 
hours,  equivalent  to  42  miners'  inches  (0.83  second- 
foot)  for  a  24-hour  day.     This   plant  is   running 
with  remarkable  smoothness,  there  being  no  jar  and 
scarcely  any  appreciable  sound  from  either  pump 
or  motor. 

Well  No.  4  supplies  the  domestic  service 
of  Collon.  It  is  of  special  interest  owing 
to  the  grouping  of  the  wells  that  are  oper- 
ated from  one  centrifugal  pump.  The  pump 
is  16  feet  below  the  surface  of  the  ground, 
in  a  pit.     The  suction  pipe  from  the  pump  is 
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Fio.  ].— Plan  of  city  of  Colton  pumping:  plant,  showing  grroup  of  wells  operated  by  one  cen- 
trifugal pump. 

led  to  four  cased  wells.  A  deep  trench  was  dug  for  these  pipes.  Fig. 
1  shows  the  location  of  the  wells  and  pump.  This  plant  is  located  north- 
west of  the  Santa  Fe  Railroad,  at  the  crossing  of  Lytic  Creek.  The 
pump  was  originally  situated  on  the  surface  of  the  ground,  but  during 
the  summer  of  1898  it  was  lowered  16  feet,  all  of  the  connections  of 
the  wells  being  lowered  also.  The  pump  is  a  No.  8  Byron- Jackson  ver- 
tical centrifugal,  and  is  operated  by  a  General  Electric  20-hor8epower 
3-phase  motor,  which  is  developing  24  horsepower.     On  June  27,  1898, 
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110  miners'  inches  (2.2  second-feet)  of  water  were  being  pumped,  and 
on  September  22,  1898,  150  miners'  inches  (3  second-feet),  per  day  of 
20  hours.  The  wells  are  all  10-inch  cased  wells.  The  pumps  were 
lowered  because  of  the  falling  of  the  water  plane.  The  plant  is  entirely 
successful.  A  plant  of  similar  design  is  located  near  Exeter,  Cal., 
in  the  bottoms  of  Kaweah  River. 

Ponieroy  &  Marble  wdls. — The  pumping  plant  of  the  Colton  Ter- 
race Citrus  Land  Company  is  at  the  corner  of  Mount  Vernon  avenue 
and  Mill  street,  San  Bernardino.  A  No.  4  Byron-Jackson  horizontal 
centrifugal  pump  is  run  by  an  8-hor8epower  gasoline  engine.  There 
is  one  well  (cased)  100  feet  deep,  from  which  on  June  18,  1898,  40 
miners'  inches  (0.80  second-foot)  were  being  lifted  32  feet.  On  that 
date  there  was  also  an  artesian  well  furnishing  water  to  this  system 
from  this  locality.  The  latter  well  was  flowing  40  miners'  inches  (0.8 
second-foot). 

Colton  Terrace  Orange  Land  and  Water  Company. — ^The  wells  of 
this  company  are  four  in  number  and  are  from  200  to  300  feet  deep. 
They  are  7-inch  cased  wells  and  are  about  150  feet  apart.  This  plant 
is  of  special  interest,  as  the  water  is  lifted  by  an  air  system.  A 
20-hor8ei)ower  single-phase  electric  motor  costing  $700  was  originally 
used  to  operate  a  Stillwell-Bierce  air  compressor.  The  electric  motor 
was  a  failure  and  it  was  replaced  by  steam.  From  the  air  compressor 
the  air  is  conveyed  through  a  reservoir  to  a  distributing  pipe  system. 
Thirteen  horsepower  is  now  being  expended;  but  it  is  proposed  to 
increase  the  number  of  wells,  when  more  power  will  be  required.  The 
wells  are  bored  and  cased  and  a  f-inch  air  pipe  is  run  down  to  almost 
the  bottom  of  each  well.  A  stopcock  is  placed  near  each  well  to  regu- 
late the  volume  of  air  entering  it.  (See  PI.  VIII,  J5.)  The  water  is 
raised  by  the  expansion  of  the  air  in  the  lower  portion  of  the  well 
pipe.  The  feature  of  special  value  in  the  system  is  that  the  lifting 
force  can  be  indefinitely  distributed  to  the  numerous  wells  in  the 
various  localities.  The  illustration  (PI.  VIII,  B)  shows  a  well  into 
which  an  excessive  amount  of  air  has  been  admitted.  Ordinarily  just 
enough  air  is  passed  to  produce  a  flow  about  2  or  3  inches  above  the 
top  of  the  well.  The  water  stands  naturally  at  a  level  of  20  feet  below 
the  surface.  On  June  30,  1898,  the  wells  were  producing  98.5  miners' 
inches  (1.97  second-feet).  This  system  of  pumping  does  not  as  a 
rule  give  a  working  efficiency  of  more  than  35  per  cent  and  is  prov- 
ing a  disappointment  in  several  localities.  In  1900  this  method  of 
pumping  had  been  discontinued  at  this  plant. 

In  PL  VIII,  J.,  is  shown  a  pumping  plant  near  El  Monte.  The 
water  supply  is  from  five  cased  wells  in  the  gravel  beds  below  the 
mouth  of  San  Gabriel  Canyon.  The  output  is  approximately  500 
miners'  inches. 

Bloomington  pumping  plants, — ^The  water  flowing  in  the  Blooming- 
ton  flume  is  a  combination  of  100  miners'  inches  (2  second-feet)  of 
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Estirtuxted  monthly  diacharge  of  Santa  Ana  River  and  Santa  Ana  canal  S  miles 
above  m^puth  of  its  canyon  above  RedXands,  near  Warmsprings, 

[Drainage  area,  188  square  miles.] 


Month. 


September 
October . . . 
November 
December. 


1806. 


1807. 


January. . 
February . 

March 

April 

May 

Jnne 

July 

August... 


The  year 


September 
October  ... 
November 
December . 


18»7. 


January . . 
February. 

March 

April 

May 

June 

July 

August... 


1898. 


The  year  . . 

lb»8. 
September 

October 

November 

December 


January 


1890. 


(River 
U-anal 

River 
.  ...do 

....do 


f  River 
I  ('anal 


^^^""^ iiV"^^!! 

«»"^ l^Il! 


April. 


May. 
June 


July. 


August 


The  year. 


September 
October  ... 
November 
December . 


1899. 


I  River 
K^anal 
(River 
^  Canal 
( River 
)  Canal 
(River 
1  Canal 
j  River 
I  Canal 


January  . 
February. 

March 

April 

May 

Jnne 

July 

August... 


1900. 


Discharge  in  second- 
feet. 


Maxi- 
mum. 


91 
180 

m 

48 

101 
585 
4(t5 
190 
113 

m 

100 


585 


81 

270 

59 

J8 

67 
86 
51 
4ii 
157 
U3 
58 
01 


The  year 


L70 

45.0 

"36.V) 
34.0 
28.0 

34.0 


Mini- 
mum. 


34.0 

'48'0 


34.0 
"26*8' 

"34"  0 


28.5 
'i9'6 


48.0 


12 
19 
49 
30 

36 
23 
28 
43 
250 
25 
25 
12 

250 


41 
54 
34 
37 

85 
77 
70 
113 
48 
60 
70 
54 


35 


58 
45 
40 
29 

42 

43 
36 
37 
34 
40 

:» 

36 


29 


28.0 

'io.'o 

18.0 
22.0 

21.5 


26.5 
*24.'6 


21.5 
'itf.O 
"i9."6 


19.0 

ii.o 


11.0 


10 
12 
17 
18 

19 
20 
20 
19 
20 
10 
11 
9 

9 


Mean. 


60 
71 
37 
39 

68 

185 

124 

150 

76 

79 

83 

75 


88 


67 
54 
45 
33 

49 
48 
40 
30 
61 
48 
4;} 
43 


48 

38^0 
2.0 
26.0 
22.0 
22.0 


12 
17 
21 
23 

23 
22 
23 
25 
57 
22 
19 
11 

23 


Total  in 
acre-feet. 


4,124 
4,372 
2,148 
2.435 

4,179 
10,282 
7,014 
8,899 
4,690 
4,723 
5,077 
4.628 


62,671 


3,068 
3.347 
2.678 
2,040 

2.987 
2,688 
2,448 
2,333 
3,727 
2.840 
2,625 
2,653 


34.334 


2,223 

1,581 
1,285 
1,304 

1,593 
1,516 
1,943 
1,458 
1,3&5 
1,315 
1,371 
781 


17,795 


Run-off. 


Depth  in 
inches. 


0.41 
.44 
.21 
.24 

.41 
1.02 
.75 
.88 
.46 
.47 
.50 
.46 


660 
1.015 
1,268 
1.427 

1,414 
1.222 
1.414 
1,488 
3.505 
1,309 
1,168 
676 

16,506 


6.25 


.39 
.38 
.27 
.21 

.30 
.27 
.24 
23 
.37 
.28 
.26 
.26 


3.41 


0.22 

.16 
.13 
.14 


.16 
.15 
.19 
.14 
.14 
.13 
.14 
.08 


1.78 


0.07 
.10 
.13 
.14 

.14 
.12 
.14 
.14 
.35 
.13 
.12 
.07 

1.65 


Second- 
feet  per 
square 
mile. 


0.37 
.38 
.19 

.21 

.36 
.tH 
.66 
.79 
.40 
.42 
.44 
.40 


.47 


.36 
.29 
.24 

.IB 

.21 
.21 
.32 
.25 
.23 
.23 


.25 


o.ao 

.14 
.12 
.12 

.U 
.15 
.17 
.13 
.12 
.12 
.12 
.07 


.17 


0.06 
.09 
.11 
.12 

.12 
.12 
.12 
.13 
.80 
.12 
.10 
.06 

"75 


I 
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Estimated  montMy  discharge  of  Santa  Ana  River  atid  Santa  Ana  canal  2  miles 
above  mouih  of  its  canyon  above  Hedlands,  near  Warmsprings — Continned. 


Month. 


September 
October  ... 
Norember 
December. 


1000. 


January . . 
February. 
March.... 

April 

May 

Jnne..^... 

July 

Aufrust ... 


1901. 


The  year 


Diflcha 

rge  in  second- 
leet. 

Total  in 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

acre-feet. 

16 

11 

12 

714 

16 

12 

14 

861 

1.564 

14 

107 

6,367 

31 

26 

28 

1,722 

600 

81 

78 

4,796 

640 

48 

194 

10,774 

114 

46 

68 

4.181 

107 

39 

48 

2,659 

68 

35 

42 

2.582 

44 

30 

37 

2,202 

42 

34 

38 

2.337 

aoo 

31 

60 

3,074 

1,664 

11 

60 

42,160 

1 

Bun-off. 


Depth  in 
inches. 


.07 
.08 
.63 
.17 

.47 
1.07 
.41 
.26 
.26 
.22 
.28 
.31 


Second- 
feet  per 
square 
mile. 


4.17 


.06 
.07 
.67 
.15 

.41 
l.OB 
.36 
.23 
.22 
.20 
.20 
.27 


.31 


Drainage  areas  of  Santa  Ana  Rivet  above.  Rincon. 


South  of  Mill  Creek 

Mill  Creek 

Santa  AnaBiver 

PltrngeCreek _. 

Beeerroir  between  Plnnge  and  City  creeks 

City  Creek 

Drainage  between  City  and  Sand  creeks 

Sand  Creek . 

Little  Sand  Creek  .- 

Drainage  between  Little  Sand  Creek  and  East  Twin  Creek 

East  Twin  Creek 

West  Twin  Creek...  

Drainage  between  West  Twin  Creek  and  Devils  Canyon  . . . 

Devils  Canyon 

Cajon  Pass  Basin. . 

Sycamore  Flat 

Ly tie  Creek 


Square  milee. 

10.0 

46.2 

208.2 

17.1 

2.7 

21. G 

1.9 

3.2 

1.6 

2.5 

9.2 

5.3 

4.0 

7.1 

88.0 

.     ,..  2.8 

- 51.9 


Total  mountain  drainage  above  Col  ton 483. 3 

Crafton  Hills  and  San  Timoteo  Basin. 135. 0 

San  Bernardino  valley  lands  above  Col  ton 132.0 


Total  drainage  area  above  Colton  . 750. 3 

Mountain  drainage  aJH)ve  Rincon  and  beloiv  Colton, 

Square  mileH. 

Drainage  north  of  Grapeland  - 2.7 

San  Savain  Canyon 2.4 

Morse  Canyon 1.9 

East  Etiwanda  Canyon 3.2 

DayCanyon 6.9 

Deer  Canyon 4.2 

Drainage  between  Deer  Canyon  and  Cncamonga  Canyon . .  3.7 

Cncamonga  Canyon 11.0 
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Square  milea. 

Drainage  between  Cncaiuonga  Canyon  and  San  Antonio  Canyon —       1.2 

San  Antonio  Canyon 36.7 

Thompson  Creek    5. 5 

Liveoak  Creek 2. 7 

Total  in  mountains  . 72.1 

Foothills aronnd  Riverside .. .   _ -.     62.0 

Flat  valley  land  between  Rincon  and  Col  ton 393. 0 

Temescal  Creek  hills  below  Elsinore  Lake .  163. 1 

Chino  Creek  foothills - - -. 22.5 

Summary  of  drainage  areas. 

Square  miles. 

Mountains  above  Colton 483. 3 

Monntains  above  Rincon  and  below  Colton  .     .   _  _ . 72. 1 

Total  in  mountains  above  Rincon 555. 4 

Hills  above  Colton 135.0 

Hills  around  Riverside 62. 0 

Hills  of  Temescal  Creek  below  Lake  Elsinore 163. 1 

Hills  of  Chino  Creek  22.5 

Total  in  hills  above  Rincon 382.6 

Valley  above  Colton 132.0 

Valley  below  Colton  and  above  Rincon _ .  393. 0 

Total  in  valley  above  Rincon -   525.0 

Total  drainage  area  above  Rincon .. 1,463.0 

The  precipitation  for  the  seasons  1806-97  and  1900-1901  was  about 
normal.  Each  year,  however,  was  preceded  by  droughts.  The  dis- 
charge in  second-feet  per  square  mile  of  drainage  basin  of  Santa  Ana 
River  proper,  as  given  in  preceding  tables,  was  0.45  second-foot  per 
square  mile  in  189*^-97,  and  0.31  second-foot  in  1900-1901.  An  esti- 
mated discharge  for  normal  years  of  0.40  second-foot  per  square  mile 
from  the  mountainous  portion  of  the  basin  above  Colton  is  believed 
to  be  conservative.  As  the  percentage  of  run-off  increases  with  the 
depth  of  rainfall,  the  average  annual  discharge  is  greater  than  the 
run-off  in  years  of  average  rainfall.  The  Bear  Valley  reservoir,  which 
regulates  the  discharge  from  a  i)ortion  of  the  basin  of  Santa  Ana 
River,  was  completely  emptied  during  lx)th  of  the  years  mentioned, 
and  consequently  does  not  affect  the  totals.  A  portion  of  the  larger 
floods  are  known  to  pass  Colton,  and  are  permanently  lost  so  far  as 
the  gravel  beds  above  Colton  are  concerned.  Little  surface  run-off 
would  occur  from  the  flat  and  sandy  valley  lands  and  hills,  but  cer- 
tainly an  appreciable  amount  of  the  rainfall  would  sink  into  the 
ground  and  increase  the  underground  supply.  The  latter  supply  is 
believed  to  be  sufficient  to  offset  the  loss  due  to  a  portion  of  the  larger 
floods  passing  the  Colton  dike  unabsorbed.  It  is  not  claimed  that, 
these  quantities  are  <  apable  of  exact  determination.  Many  and 
expensive  observations  would  be  necessary  to  ascertain  this,  but  it  is 
thought  that  an  estimate  based  upon  existing  data  and  experiences 
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gained  elsewhere  will  be  of  interest  on  this  importfmt  subject.  While 
the  run-off  per  square  mile  of  the  Cajon  Pass  Basin  is  known  to  be 
less  than  that  of  the  Santa  Ana  proper,  that  of  Mill  Creek  and  Lytle 
Creek  is  greater,  and  the  Santa  Ana  Basin  is  probably  typical  of  the 
average.  The  estimated  annual  run-off,  in  second-feet  per  square 
mile,  from  the  483  square  miles  of  mountain  drainage  basins  tributary 
to  San  Bernardino  Valley  above  Colton,  assuming  the  run-off  to  be 
0.40  sec/ond-foot  per  square  mile,  is  193.3  second-feet.  During  aver- 
age years  pi*obably  50  per  cent  of  this  is  diverted  for  irrigation  at  the 
mouths  of  the  mountain  canyons,  and  half  of  the  water  applied  for 
irrigation  may  be  assumed  to  be  lost  by  evaporation,  the  remainder 
sinking  into  the  ground.  Thus  one-fourth  of  the  discharge  from  the 
mountains  may  be  considered  as  permanently  lost  during  average 
years,  leaving  a  net  remainder  of  75  per  cent,  or  145  second-feet,  as  a 
reasonable  estimated  annual  recharge  of  these  gravels. 

In  June,  1808,  the  total  seepage  and  return  water  entering  San 
Bernardino  Valley  above  Rincon  was  274.25  second-feet,  as  shown  in 
the  foregoing  tables,  and  at  the  same  time  the  aggregate  flow  from 
the  surrounding  mountain  drainage  basins  was  101  second-feet, 
making  a  tot^l  of  375.25  second-feet.  The  <levelcped  water  around 
Pomona  (amount  not  known),  however,  is  not  included,  and  portions 
of  the  return  water  obtained  near  Colton  and  used  around  River- 
side doubtless  return  to  the  river  above  Rincon.  It  is  difficult,  how- 
ever, to  analyze  the  situation  further  than  has  been  done.  Despite 
the  recent  dry  years  the  increased  flow  of  the  river  at  Auburndale 
bridge  is  in  all  probability  due  to  increase<l  irrigation  in  the  valley, 
particularly  near  Riverside,  and  is  especially  significant. 

The  Cucamonga  Water  Company  derives  its  water  from  the  Red 
Hills.  The  company  supplies  Cucamonga  proper,  also  North  Ontario, 
and  irrigates  about  5,000  acres  of  citrus  fruits.  In  August,  1898, 
there  were  in  addition  52  miners'  inches  (1.04  second-feet)  of  water 
developed  at  the  mouth  of  Cucamonga  Canyon.  The  Red  Hills  are  so 
named  from  the  red  clay  occurring  there,  which  forms  a  dike  across 
the  sand  and  gravel  drainage  lines  of  Cucamonga  Creek.  This 
forces  the  underground  water  to  the  surface,  where  it  api>ears  in 
springs  and  cienagas.  There  is  an  aggregate  length  ot  8,000  feet  of 
tunnels  in  this  water-bearing  land.  There  are  30  miles  of  G-inch  drain 
tiles  in  the  distribution  system. 
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The  following  is  a  compllatioii  of  all  available  measurements: 

Discharge  measurements,  in  millers'  inches,  of  cienagas  and  water  devdopnients 

at  Red  Hills,  near  Cucamonga, 

EAST  SIDE. 


E>ate. 


Oliflerver. 


,-   ! 


Sept.2»,l»i5  I  Wm.  M.  FitzhuRh 


Nov.  30, 
July  24, 
July  i:i. 
July  13, 
July  14. 

July  ?4; 
Sept  15. 
June  VZ, 
Aug.  a), 
Aug.  lU, 
Aug.  6, 
Aug.  13, 
Apr.  1, 
Do  . 


1886 
1887 
W88 
188U 
1800 


1803 
18»4 
1805 
1806 
1807 
1807 
1896 
1800 


Aug.  21, 1890 
Feb.  3  and  5, 


1900. 


J.P.Culver 

F.Eaton 

J.P.Culver 

E.T.Wright 

do 

J.P.Culver 

E.  T.Wright 

do 

do 

F.E.  Tnutk 

do 

N.W.Stowell 

F.B.Traak 

N.W.Stowell  

Newman  and  Finkle 

E.T.Wright 


Newman,     Trask, 
and  Finkle. 


H 

H 

M 


I 


225.36 

261.43 
147.50 
165.78 

184.58 
2B0.08 
266.82 


64.67 
160.501 
183.61 
163.57 
228.53 
238.04 


61.73 

11.46 
•10.00 
18.10 
13.27 
17.32 
18.50 


160.31 
108.53 
132.40 
104.90 


76.68 
107.25 
107.25 

'01.58 

'07.06 


182.84 
154.87 
137.00 
120.10 


05.01 
08.20 
08.20 

80.05 

77.2*^ 


13.14 
21.ti0| 
11.25 
10.50 


7.84 


5.00 


I 


8 


I 


P 


9 

a 

0 


•8.00 
•7.00 
■7.00 

••0.42 
0.42 

447.00 


•2.02^ 

2.02 

•2.00 

Ma  50 

0.78 

10.85 

11.25 


0.61 
6.61 


3 

5 


•35.60 

(«) 
17.06 


16.22 

'i63."6o 
138.62 
136.23 
156.01 
165.55 
152.42 
141.10 

•110.60 


72.601 
56.17 
54.88 


46.43 
48.35 
72.  tt 
72.40 


41.74 
•44  27 


9 

P 


IB 


TotaL 


I 


298.31'  205.33 

J 

337.56,  330.57 

327.00  a20.UI 

357.40  371.  US 

861.42  sn.ai) 

506.88  516.73 

523.36  534.  ai 


364.20 
381.40 

288.55 
244.  OS 


24.78 


180.43    ^7.43 

206.45" 

210.451    246.  U5 

|»  109.53 

Si 


172.53 


174.28 


jMtel 
\247. 


101.34 


•  Estimated. 

^  Tunnel. 

'Extent  of  tunnel  begun  August  IL 

^  Measurement  by  N.  W.  BtowelL 


•  March  15. 

'IncludingCbina  cienaga. 
■  Flow,  27.00;  pumped,  75.0a 
••Flow. 


I 
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Discharge  measurements,  in  miners'  inches,  of  eienagas  and  water  developments 

at  Red  Hills — Continned. 

WEST  SIDE. 


Date. 


Observer. 


o   . 

• 

O 

a 

• 

1 

bii 

eS 

a 

0^ 

i> 

fl 

p^ 

»s 

♦» 

•»« 

i 

g 

ft** 

CO 

^ 

E 

J?; 

i 


Sept.  36, 1885 


Nov.  30, 1886 


July  34,1887 
July  13,1888 
July  13.1889 
July  14.1890 

Do 

JaDe39.1898 
July  14.18911 
8ept.l5,1894 
June  12.1895 
June  14, 1896 
Aug.  30. 1896 
Mar.  2,1897 
Aug.  10,1897 


I 
Win.    M.  Pltz-  ;66.47 
bugh.  j 


J.  P.  Culver 


9.50 


F.Eaton 13.67 

J.P.Cnilver  ....    3.14 
E.T.Wright.-.   3.94 

do 3.08 

J. P. Culver  ....  3.14 

E.T.  Wright 

do — 

do 

do 

N.W.Stowell-.     .00 

P.E.Traak 

N.W.Stowell-i  ... 
F.E.TnuBk (W 


45.27 

5.70 

97.80 

.90 


Aug.    5.1897     N.W.Stowell 


104. 40 
31.90 
:18.8U 
40.53 
71.98 
81.78 


•9.00 


18.40 


10.00 
5.38 
17.33 
30.53 
31.47 
13.29 


Pair  97 
15. 14 
15.14 


be 

u 

ft   I 

to     I 

o 

% 

u 

0  I 
J^  I 
^      I 


»1.00 


2.16 


•1.00 
1.59 
1.81 


t 

s 

i 

a 

a 

I 

i 

1 

& 

6 

*  •  •  • 

("•) 

-  •  -  •  •  - 

•18.76 

*-£ 

IS  3 
fee « 

O   A 

3dS 


M7.70'  16.76 
54. 02^16. 76 
13.98     .92   '*73. 82,  •16.76 


14.29;  2.38 

I 


22.00     1. 00 


.00 


Aug.  13.1898 
Aug.  14, 1898 
Apr.    1.1809 
Do 


Aug.  21.1899 
Aug.  25,1899 


Feb.  3  and  5, 
1900. 

Feb.  11,1900 


P.E.Traak 

N.W.Stowell.. 

do 

Newman  and 

Pinkie. 
E.T.Wright ... 
E.    T.    Wright 

and    P.    C. 

FiDkle. 
Newman. 

Tratnk  and 

Pinkie. 
TraBk     and 

Pinkie. 


20.001 
7.00 


27.00 

.00. 

(0  C24.W) 


50 


».50 


.00    115.49 
I 
,()0    




3.13 

.00 

3.91 

1 

3.81 

.5fS 


23.  a) 


'30.25 


M3.00 
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134.46  474.08 


73.33;  402.33 

96.60  460.68 

149.53  520.73 

211.07'  727.80 
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**;^|};»2.55 

'l, 


89. 15 


63.50/ 


:B4.07 


290.93 


'ef.'ci  }^^-  ^* 


61.4^ 


252.81 


•  EBtimated. 

i>  China  garden  included  in  cienaga  D. 

"Construction  begun  in  January,  1888. 

«  Length,  2,600  feet. 

•Caved  in. 


'  August  4,  well  No.  2  cut. 
K  June  12,  not  pumped. 
^  July  24,  not  pum])ed. 
'  March  15. 
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The  following  diagram,  fig.  2,  shows  the  relation  that  exists  between 
the  rainfall  and  developed  water  at  Red  Hills: 
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Fio.  2.  —Diagram  showing  relation  of  rainfall  to  developed  water  at  Bed  Hills.  Dotted  line 
anowB  rainfall,  in  inches,  as  measured  at  San  Bernardino;  dot-and-dash  line  shows  discharge,  in 
miners'  inches,  from  all  of  the  developments  at  Bed  Hills,  ezclosive  of  the  Stowell  wells;  dasdi 
line  showH  dischargp,  in  minem  inches,  of  east  cienagas  and  Y  tunnel,  exclusive  of  Lone  Star: 
heavy  solid  line  at  Dottom  shows  discharge,  in  miners^  Inches,  from  904icre  tract  at  weat  end  of 
hill,  exclusive  of  the  StoweU  wells. 

From  1888  to  1900  many  lineal  feet  of  tunnels  were  run  and  numer- 
ous wells  were  sunk  at  the  Red  Hills  for  new  water  supplies,  but  in 
spite  of  this  development  the  amount  of  water  available  materially 
diminished — from  406  miners'  inches  to  253  miners'  inches.  Although 
this  decrease  is  influenced  by  the  diminished  rainfall  during  the 
period,  it  is  improbable  that  all  of  the  work  performed  resulted  in 
much  if  any  permanent  benefit  to  the  irrigators.  The  gravel  beds 
above  the  Red  Hills  are  much  smaller  than  those  above  Colton,  and 
consequently  are  more  quickly  drawn  down.  The  chief  question  in 
situations  of  this  kind  is  how  large  a  water  supply  can  be  counted 
upon  to  recharge  the  underground  reservoir.  This  can  be  determined 
by  measuring  the  area  of  the  tributary  drainage  basin  from  the  topo- 
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graphic  atlas  sheets  of  the  United  States  Geological  Snrvey.  To  this 
area  should  be  applied  the  mean  annual  run-off.  In  this  case  the 
mean  annual  run-off,  in  second-feet  per  square  mile,  can  lie  obtained 
from  a  study  of  records  of  discharge  of  San  Gabriel  and  Santa  Ana 
rivers.  The  Red  Hills  are  shown  on  the  Cucamonga  atlas  sheet  of 
the  Geological  Survey,  and  are  2  miles  northeast  of  North  Ontario. 

Estiviated  monthly  discharge  of  San  Oabriel  River  and  canals  near  Azusa, 

[Drainage  area,  228  square  milea] 


Month. 


1806. 

September 

October 

NoTember 

December 

18WL 

January 

Pebroary 

March 

April 

May 

Jane.. 

July 

Aagnst , 

The  year 

loMi. 

September 

October 

November 

December 

1897. 

January 

Febmary 

March 

April 

May 

June 

July 

Anc^tist...... ., 

The  year 

iaU7. 

September 

October  

November 

December 

189H. 

January 

February  

March 

April , 

May 

Jane 

July 

Aufput 

The  year 

1898. 

September 

October 

November 

December , 

1809. 

January 

February 

March 

April 


Discharge  in  second- 

Run -off. 

feet. 

Mean. 

Total  in 
acre- feet. 

1 

1 

1,938 

Depth  in 
inobes. 

8ecoDd-ft*t 

per  square 

mile. 

Maxi 
mum. 

Mini- 
mum. 

89 

29 

32.0 

0.16 

0.14 

32 

27 

29.0 

1.811 

.16 

.18 

oO 

29 

40.0 

2.398 

.20 

.18 

67 

37 

42.0 

2,561 

.22 

.10 

61 

26 

37.0 

2,275 

.20 

.17 

64 

36 

41.0 

2,358 

.10 

.18 

109 

38 

lll.O 

6,825 

.58 

.60 

91 

40 

64.0 

3,213 

.28 

.25 

4S 

29 

36.0 

2,214 

.18 

.16 

% 

13 

19.0 

1,131 

.00 

.08 

16 

9 

12.0 

rj8 

.06 

.05 

96 

9 

14.0 

861 

.07 

.06 

100 

9 

39.0 
13.0 

28.307 

2.30 

.17 

18 

11 

.774 

0.07 

0.06 

188 

10 

24.0 

1,476 

.13 

.11 

40 

16 

19.0 

1,131 

.00 

.Ok 

37 

17 

22.0 

1,363 

.12 

.10 

147 

26 

68.0 

3,617 

.20 

.26 

1,713 

64 

345.0 

19. 140 

1.5M 

1.55 

1,786 

294 

4<I6.0 

28,623 

2.42 

2.10 

370 

201 

294.0 

17,519 

1.48 

i.:c 

196 

94 

145.0 

8,851 

.75 

.6:j 

01 

64 

68.0 

4.033 

.34 

.31 

62 

27 

38.0 

2,343 

.20 

.17 

34 

22 

26.0 

1.613 

.14 

.12 

1,765 

10 

126.5 
21.0 

90.479 

7.61 

.57 

23 

18 

1,228 

0.10 

0.00 

1,640 

22 

01.0 

5,595 

.47 

.41 

84 

31 

33.0 

1.880 

.15 

.14 

34 

28 

31.0 

1,875 

.16 

.14 

63 

27 

40.0 

2,45!) 

.20 

.18 

70 

32 

40.0 

2,241 

.19 

.18 

83 

28 

35.0 

2,131 

.18 

.16 

37 

25 

33.0 

1,050 

.17 

.15 

K3 

25 

36.0 

2,2S3 

.19 

.16 

30 

14 

19.0 

1.150 

.10 

.00 

15 

9 

11.0 

672 

.06 

.05 

9 

5 

7.0 

456 

.04 

.03 

1,640 

5 

33.0 

23,841 

2.01  ' 

1 

.15 

10 

6 

8 

467 

0.04  ' 

0.04 

10 

8 

9 

533 

.05 

.04 

11 

8 

10 

5H0 

.05 

.04 

18 

12 

14 

832 

.07 

.06 

33 

16 

23 

1,414 

.12 

.10 

28 

20 

22 

1.244 

.11 

.10 

40 

18 

26 

1,62:3 

.14 

.12 

28 

16 

21 

1,262 

.11 

.10 
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Estimated  monthly  discharge  of  San  C^abriel  River  and  canals  near  Azusa — Cont'd. 


Month. 


1809, 

May 

June 

July 

Angtiet 

The  year 

18W. 

September 

October 

Noyember 

December 

1900. 

January 

February  

March 

April 

May 

June 

July 

August 

The  year 

1900. 

September 

October  

Noyember 

December 

1901. 

January 

February  

March , 

April 

May 

June 

July 

August 

The  year 


Discharge  in  second- 
feet. 


Maxi- 
mum. 


Mini- 
mum. 


17 

4 

0 


12 
6 
8 

4 


40 


8 


6 
35 
24 
39 


S3 

30 
26 
86 
22 
10 
5 


89 


6 

6 

6,200 

S3 


1.4G0 

2,005 

440 

13U 

272 

08 

41 

27 


5.200 


3 
4 

10 
16 


MM 

18 

16 

13 

16 

8 

4 

4 


3 
4 

6 
31 


28 
137 
135 
96 
83 
41 
24 
15 


Mean. 


14 

10 

4 

5 


14 


37 

12 
14 
20 


32 
20 
20 
17 
87 
16 
6 
4 


20 


4 

6 

186 

40 


169 


221 

110 

121 

63 

au 

20 


139 


Total  in 
acro-feet. 


842 
565 

221 
296 


9,878 


Bun-oif. 


2,202 
738 
888 

1,280 


1,968 

1.150 

1,230 

1.012 

2,275 

893 

369 

246 


14,146 


288 

307 

11.068 

2,460 


10,391 
88.654 
13,589 
6.545 
7.440 
8.749 
1,845 
1.24(1 


97, 5« 


Depth  in 
inchea. 


0.07 
.06 
.02 
.06 


.  88 


0.10 
.06 
.07 
.10 


.16 
.09 
.10 
.09 
.20 
.08 
.08 
.08 


1.19 


O.QB 
.02 
.98 
.21 


.87 
3.27 
1.16 
.56 
.63 
.31 
.16 
.10 


8.23 


Second- 
feet  per 
square 
mile. 


0.U6 
.04 
.(t3 
.US 


.06 


a  17 
.05 
.06 
.09 


.14 
.(«« 
.(» 
.08 
.17 
.07 

.ce 


09 


o.oe 

.18 


.76 

3.14 

l.UI 

.511 

.56 

.14 


63 


Discharge  measurements  of  mountain  streams  of  San  Oabriel  Basin,  1898, 


Stream. 


San  Qabriel  River 

Dalton  Canyon  . . . 
San  Dimas  Canyon 
Sawpit  Canyon . . 


Total. 


Point  of  measurement. 


Power   company   headworks 
(includes developed  water). 

In  canyon 

do 

do 


Date. 


Julyl... 


Julyl 
July" 


Dis- 
charge. 


Sec-feet. 
15.87 


.84 
16.71 


Date. 


I      Dis- 
I  charge. 


August  28. 

August  26 . 
Augustas. 
August  23. 

August ... 


Sec.'feei, 
7.98 

.06 
.06 
.00 

7.49 
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Beium  waters  of  San  Oabrid  Basin  near  El  Monte  Narrowe^  1898. 


Streun. 

Point  of  measnrement. 

Date. 

Dis- 
charge. 

Date. 

Dis- 
charge. 

Whittier  ditch 

Do 

81  Monte  road  crossing 

Pi^fnping^  plant        ........ 

JnlyS 

.....do.... 

Sec-fett. 
1.88 
1.40 
9.06 
8.79 

6.18 

8.86 

8.44 

88.79 

August  81.... 

.....do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Sec.-/eet. 
1.80 
1.40 

Temple  ditch 

San  Gabriel  Biyer.. 

Do 

Tn  narrows 

do.... 

6.88 

First  channel—B  a  Id  win  *  s 

road. 
Old  channel-Baldwin's  road 
Camper's  station 

do... 

do.... 

do.... 

7.81 
6.17 

Do 

.63 

Poente  ditch 

San  Gabriel  Narrows 

do.... 

.00 

San  Gabriel  River. . 

Old  Mission  bridge 

do.... 

87.91 

do.... 

Total  flow  in 

88.86 
16.71 

68.60 

narrows. 
Mountain  streams . . 

do.... 

7.49 

do-... 

Exoesft  of  re- 

47.14 

46.11 

turn  water. 

For  a  description  of  the  settlement  of  the  San  Bernardino  and  Red- 
lands  districts,  see  the  Nineteenth  Annual  Report  of  the  United  States 
Geological  Survey,  Part  IV. 

RIVERSIDE  DISTRICrr. 
HISTORY. 

The  first  irrigation  movement  in  the  Riverside  district  was  made 
by  the  Silk  Center  Association  in  November,  1869.  This  was  a  coloniz- 
ing enterprise  for  the  production  of  raw  silk.  Arrangements  were 
made  for  the  purchase  of  5,000  acres  of  land  from  the  Jurupa  and 
Rnbidoux  ranches,  and  1,400  acres  of  Government  land  were  occupied 
under  the  United  States  land  laws.  The  town  of  Jurupa  was  started 
on  these  lands,  the  name  being  changed  in  1870  to  Riverside.  This 
association  filed  the  first  water  notices  for  the  settlement  and  began 
the  construction  of  a  canal  in  1870.  Silk  culture  was  abandoned  the 
year  that  the  movement  was  initiated.  New  parties  allied  themselves 
with  the  colonizing  movement,  and  the  Southern  California  Colony 
Association  was  founded,  with  Judge  J.  W.  North,  president;  Dr. 
J.  P.  Greves,  secretary;  Dr.  K.  D.  Shugart,  treasurer;  and  Mr.  T.  W. 
Cover,  superintendent.  Construction  of  the  canals  was  begun  in 
October,  1870.  The  first  canal  was  built  during  the  winter  of  1870^71, 
on  a  grade  of  1  inch  to  100  feet,  from  a  point  on  the  south  or  left  bank 
of  Santa  Ana  River  about  2  miles  below  Colton.  The  total  length 
was  13.5  miles.  It  was  8  feet  wide  on  the  bottom,  12  feet  wide  on  top, 
and  3  feet  deep;  the  alignment  and  grade  were  very  irregular.  It 
had  a  capacity  of  a  little  more  than  700  miners'  inches  (14  second-feet) 
down  to  the  Spanishtown  flume,  and  500  to  600  miners'  inches  (10  to 
12  second-feet)  below  that  point.  The  conduit  to  the  Pachappa  Arroyo 
cost  from  $50,000  to  $60,000.  During  the  fall  of  1871  this  ditch  was 
extended  to  Terquisquite  Arroyo.  By  1875  the  ditch  had  been  im- 
proved so  that  it  carried  1,000  miners'  inches  (20  second-feet),  but  at 
that  time  not  more  than  500  acres  were  irrigated.     This  is  now  known 
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as  the  old  upper  canal  of  the  Riverside  Water  Company.  The  diver- 
sion is  by  means  of  a  brush  dam,  and  the  conduit  is  wholly  in  earth. 
ITiere  are  no  engineering  features  of  interest. 

In  1874  S.  0.  Evans,  of  Fort  Wayne,  Ind.,  and  W.  F.  Saywai-d,  of  San 
Francisco,  purchased  8,000  acres  of  land  adjoining  Riverside  and 
united  with  the  owners  of  the  San  Jacinto  Sobrante  Rancho,  which 
is  situated  still  farther  to  the  south,  to  construct  another  canal  from 
Santa  Ana  River  for  the  irrigation  of  their  lands.  The  former  of  the 
proposed  settlements  was  called  the  New  England  Colony  and  the 
latter  the  Santa  Ana  Colony.  The  Southern  California  Colony  Asso- 
ciation began  suit  to  prevent  the  construction,  which  had  been  alreacly 
started,  of  the  new  canal  across  their  lands.  The  dispute  was  ended  by 
the  New  England  and  Santa  Ana  colonies  purchasing,  in  May,  1885, 
a  four-sevenths  intei*est  in  the  original  association  for  the  sum  of 
$50,000.  In  April,  1875,  the  Riveraide  Land  and  Irrigation  Company^ 
was  organized  by  the  members  of  the  three  original  colonies  or  com- 
panies, and  by  March,  1877,  this  new  company  had  absorbed  all  of 
the  land  and  water  holdings  of  its  predecessors.  In  187(5  the  new  or 
lower  canal  of  the  New  England  and  Santa  Ana  colonies  was  com- 
pleted, at  a  cost  of  $120,000,  and  during  the  season  about  2,000  acres 
were  irrigated  by  the  two  canals.  In  July,  1879,  the  Riverside  Canal 
Company,  which  was  organized  for  the  purpose,  purchased  all  of  the 
water  rights  and  conduits  of  the  Riveraide  Land  and  Irrigation  Com- 
pany, the  latter  receiving  as  compensation  all  of  the  capital  stock 
of  the  new  company.  The  value  of  each  share  was  placed  at  $20,  and 
20,000  shares  were  issued.  It  was  further  agreed  that  the  stock  should 
be  adjusted  so  as  to  correspond 'with  the  number  of  acres  for  which 
water  was  obtained.  The  avowed  original  intention  of  the  company 
was  to  have  each  share  of  stock  cover  a  particular  acre  irrigated;  but 
the  sale  of  stock  in  some  instances  was  made  to  persons  who  liad  not 
bought  land  from  the  company  but  had  obtained  it  from  the  Govern- 
ment. By  this  method  of  disposing  of  the  stock  of  the  canal  com- 
pany those  originally  in  power  found  that  they  would  soon  lose 
control,  and  therefore  they  passed  new  resolutions,  assigning  two 
shares  of  stock  to  each  remaining  acre,  the  canal  company  holding 
the  shares  at  a  par  value  of  $10  each,  one  share  to  be  issued  with  each 
acre  of  land  and  the  other  share  to  remain  in  the  hands  of  the  com- 
pany until  it  had  sold  the  majority  of  its  lands,  when  the  landowner 
could  at  his  option  purchase  it  at  the  original  price. 

The  purpose  of  the  Riverside  Land  and  Irrigation  Company  was 
primarily  to  promote  the  sale  of  its  irrigated  lands.  As  their  affairs 
progressed  and  the  lands  were  sold  the  company  naturally  desired  to 
continue  its  benefits  by  handling  the  waterworks  of  the  irrigators  and 
by  expanding  its  water  rights  over  more  lands.  Water  rates  were 
advanced  from  $1.92  an  acre,  in  1878,  to  $2.23  an  acre,  in  1881.  These 
movements  on  the  part  of  the  company  were  naturally  opposed  by  the 
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irrigators,  and  a  protracted  struggle  ensued.  The  irrigators  organ- 
ized the  Citizens'  Water  Company  with  which  to  battle  for  their  claims. 
About  this  time  a  State  law  was  passed  giving  the  county  boards  of 
supervisors  the  right  to  regulate  water  rates  and  compelling  the  con- 
tinned  delivery  of  water  at  uniform  rates  to  irrigators  to  whom  water 
had  previously  been  sold.  The  Riverside  Canal  Company  claimed 
that  it  had  the  right  to  charge  such  rates  as  would  insure  the  main- 
tenance of  its  plant  and  interest  on  the  investment  and  to  charge  a 
bonus  of  $20  to  landowners  holding  no  stock.  To  this  the  irrigators 
replied  that  the  original  investment  had  been  more  than  returned  to 
the  Riverside  Canal  Company  from  the  sales  of  its  irrigated  lands. 
The  courts,  as  is  usual  in  cases  of  this  nature,  were  slow  and  indecisive 
in  their  judgments.  This  dispute,  which  we  see  repeated  in  every 
irrigation  locality,  lasted  from  1882  to  1885  and  ended  in  the  Holt 
compromise.  By  this  agreement  the  Riverside  Water  Company  was 
organized  by  the  irrigators  to  deal  in  all  classes  of  water  property. 
They  issued  24,000  shares  of  stock  covering  certain  specified  lands, 
to  be  an  appurtenance  thereof,  two  shares  to  apply  to  eacli  acre, 
and  afterwards  to  be  transferable  only  with  the  land.  Shares  were 
issued  for  6,000  acres  of  land  then  irrigated,  and  another  (),(XK) 
acres  were  specified  for  which  water  could  be  sold  as  a  surplus  was 
developed.  This  unirrigate<l  land  belonged  to  the  old  Riverside  Land 
and  Irrigation  Company.  It  was  transferred  to  t he  new  company,  called 
the  Riverside  Land  Company,  andone-half  of  the  stock  was  issued  to  the 
Riverside  Water  Company  and  one-half  to  Evans  and  Felton,  the  lat- 
ter the  controllers  of  the  old  Riverside  Land  and  Irrigation  Company 
and  the  Riverside  Canal  Company.  The  Riverside  Water  Company 
paid  to  the  Riverside  Canal  Company  $70,120  in  bonds  and  exchanged 
stock  of  the  old  company  for  stock  in  the  new  at  the  rate  of  two  shares 
of  the  old  stock  for  one  share  of  the  new.  The  cost  of  the  purchase 
to  the  new  company  was  about  $120,000.  Residents  within  the  pre- 
scribed limits  who  did  not  own  canal  company  stock  were  x)ermitted 
to  purchase  it  at  the  rate  of  $10  a  share,  two  shares  to  the  acre.  The 
irrigators  thus  control  the  Riverside  Water  Company,  elect  their  offi- 
cers, and  determine  their  own  water  rates.  This  method  of  manage- 
ment has  proved  successful,  while  both  corporate  and  irrigation  dis- 
tricts have  been  continuously  unsatisfactory.  It  is  an  interesting  fact 
that  no  definite  decisions  were  reached  through  the  courts,  but  that 
settlements  were  the  result  of  compromise.  The  Riverside  Water 
Company  now  successfully  operates  the  plant.  It  delivers  water  to 
the  stockholders  at  cost,  and  has  improved  and  extended  its  works 
by  the  sale  of  bonds  secured  by  the  property  of  the  corporation  and  its 
stockholdera.* 

*The  foregoing  historical  statement  is  largely  obtained  from  Irrigation  in  Southern  Cali- 
fornia, by  William  Ham.  Hall,  State  engineer,  1888. 
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Tlie  general  development  of  the  Riverside  district  is  showu  in  the 
following  table: 

TiMe  ghowing  eommerekU  groath  of  Riveitide. 


Yeu-. 

^a^- 

Orange 

Ancned 

P«t-offlm 
receipts. 

^ 

s 
lis 

l:ffi 

2.  aw 

*.000 

S,(H8 

{ --IS 

i    1 
1    1 

io.i«e 

its 

l#-?^ 

,  w 

12:15 

8«» 

15. 1« 
\         1«,S13 

18,331 

■City  v«] nation. 
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The  city  has  two  banks  of  deposit,  one  savings  bank,  thirteen 
chui-ches,  and  eight  schoolhoiises.  It  has  a  debt  of  tl20,000,  and  the 
tax  rate  is  65  cents  on  the  hundred  dollars.  The  ratio  of  its  bank 
deposits  and  assessed  valuation  to  its  population  makes  it  probably  the 
first  city  in  per  capita  wealth  in  the  United  States,  The  city  covers 
56  square  miles,  the  corporate  limits  bein)^  extended  to  the  outlying 
lands,  largely  for  the  purpose  of  local  water  and  horticultural  con- 
trol. In  June,  1893,  it  became  the  connty  seat  of  the  newly  formed 
county  of  Riverside. 

The  canals  of  the  Riverside  Water  Company  cover  12,000  acres  of 
land,  of  which  8,500  acres  are  now  being  irrigated.  The  remaining 
3,500  acres  are  to  be  sold  and  iinprove<l.  The  main  canals  aggre- 
gate 36  miles  in  length,  while  the  lateral  pipes,  the  flumes,  the 
cemented  and  open  ditcher  for  distribution  exceed  160  miles  in 
length.  Water  is  eonveyetl  direct  to  every  subdivision  of  the  8,500 
acres  under  the  irrigating  system. 

RIVERSIDE  WATER  COMPANY.* 

WATER  flUPPLY. 

The  River8i<le  Water  Company  obtains  its  supply  from  Warm 
Creek,  from  Santa  Ana  River,  and  from  artesian  wells. 

Warm  Creek  has  its  source  in  San  Bernardino  Valley,  3J  miles  east  of 
the  town  of  San  Bernardino,  and  is  fed  entirely  by  springs  and  return 
water  along  its  course.  The  flow  is  uniform,  being  about  80  second- 
feet  during  the  irrigating  season.     It  has  no  defined  surface  connection 
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with  the  monntHin  drainage  line.  Its  source  is  largely  near  Harlem 
Springs,  about  4  miles  east  of  the  city  of  San  Bernardino. 

The  surface  water  of  Santa  Ana  River  is  all  diverted  near  the 
mouth  of  its  canyon  above  Redlands,  and  for  miles  the  bed  of  the 
stream  below  that  iK>int  is  totally  dry  during  the  irrigating  season, 
but  gradually  the  underflow  comes  to  the  surface  at  points  south  of 
the  town  of  San  Bernardino,  and  uniting  with  the  return  waters  from 
irrigation  on  the  mesas  on  the  north  side  of  the  river  amounts  to  8 
second-feet  and  becomes  a  valuable  adjunct  to  the  Riverside  Water 
Company's  supply. 

The  artesian  wells  of  the  Riverside  Water  Company  are  located  on 
several  tracts  of  land,  all  situated  in  San  Bernardino  Valley  east  of 
Colton,  San  Bernardino,  and  the  dike  previously  referred  to.  They 
vary  in  depth  from  68  feet  to  590  feet,  and  in  diameter  of  the  casings 
from  6  inches  to  11  inches.  The  largest  is  a  9-inch  well  near  Harlem 
Springs,  594  feet  deep  and  flowing,  on  August  26,  1898,  3  second-feet 
of  wat«r. 

The  distinctive  feature  of  the  water  supply  of  the  Riverside  Water 
Company  is  its  constancy.  Warm  Creek  is  the  principal  source  of 
supply.  The  volume  that  is  available  at  the  headworks  of  the  canal 
(see  PI.  IX)  remains  practically  constant,  winter  and  summer,  dry 
years  and  wet  years,  except  when  the  unusual  floods  from  the  moun- 
tain basins  are  projected  far  out  into  the  valley,  flowing  continuously 
through  to  the  narrows.  As  has  previously  been  explained,  the  sup- 
ply is  largely  regulated  in  the  underground  reservoirs  of  the  valley. 
The  point  of  diversion  l>eingat  the  lower  level  of  the  reservoir  insures 
a  continuous  flow,  even  during  dry  years.  The  driest  cycle  of  seasons 
of  which  there  are  records  of  stream  flow  is  the  five  last  past,  and  it  is 
claimed  by  the  water  company  that  its  supply  was  equal  to  the  nor- 
mal during  the  summer  of  1898.  On  June  30,  1898,  there  were  flow- 
ing in  the  canal  at  the  old  Colton  mill,  al)ove  all  diversions,  3,473 
miners'  inches  (69.46  second-feet)  of  water.  This  is  considered  a 
normal  summer  flow  from  the  various  sources  of  supply. 

Construction  of  the  Davis  well,  which  was  leased  by  the  owner, 
Capt.  Louis  S.  Davis,  to  the  Riverside  Water  Company  for  the  season 
of  1899,  was  started  April  27,  1899.  The  well  was  completed  May  12 
of  the  same  year.  It  is  510  feet  in  depth,  has  a  10-inch  pipe,  a  No.  12 
iron  casing,  and  the  same  size  all  the  way  down.  The  cost  was  $804. 
The  water  all  comes  from  the  bottom  of  the  well.  When  first  finished 
it  rose  34  inches  above  the  top  of  the  casing,  and  by  weir  measure- 
ment amounted  to  350  miners'  inches.  The  well  is  located  in  the 
northeast  corner  of  lot  17,  block  44,  of  the  12-acre  survey  of  the  San 
Bernardino  Rancho.  On  October  2,  1899,  it  was  flowing,  by  weir 
measurement,  233.7  miners'  inches. 

On  April  3,  1900,  the  Riverside  Water  Company  was  successful  in 
obtaining  another  large  flowing  well  in  San  Bernardino  County,  the 
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water  in  which  rises  12  inches  above  the  casing.  The  well  yields 
more  than  150  miners'  inches,  making  it  the  second  largest  well  in 
San  Bernai-dino  County.  It  is  located  near  the  Davis  well.  The 
strike  came  at  a  particularly  opportune  time,  as  Captain  Davis  refused 
to  lease  the  Davis  well  to  the  water  company  this  year  (1900),  and  the 
water  was  shut  off  from  the  Riverside  ditches  about  April  1,  1900. 
The  strike  was  made  at  a  depth  of  540  feet.  This  well  is  the  fourth 
in  the  district  that  is  now  flowing  more  than  100  miners'  inches.  The 
Riverside  Water  Company  has  a  large  tract  of  land  in  line  with  these 
wells. 

MAIN  CANAL. 

The  main  canal  of  the  Riverside  Water  Company  has  a  capacity  of 
100  second-feet.  It  diverts  wat«r  fi*om  Warm  Creek,  a  half  mile  east 
of  the  town  of  Colton  and  just  above  the  junction  of  Warm  Creek 
with  Santa  Ana  River,  by  means  of  a  well-constructed  brush  dam. 
The  canal  follows  along  the  west  or  right  bank  of  Santa  Ana  River 
for  a  quarter  of  a  mile.  At  that  point  a  6-foot  drop  is  made  through 
a  turbine  wheel  which  develops  about  25  horsepower  during  the  dry 
summer  months.  This  power  is  used  to  {)ump  104  miners'  inches 
(2.08  second-feet)  of  developed  water  from  a  pit  and  trench  extend- 
ing into  and  across  the  sandy  bed  of  Santa  Ana  River.  From  this 
drop  the  water  enters  a  cement-lined  canal.  Thence  it  crosses  the 
Santa  Ana  in  a  substantial  redwood  box  flume  about  1^  miles  long, 
supported  the  entii-e  distance  upon  piling.  (See  PI.  LXIII,  J?,  of  the 
Twentieth  Annual  Report,  Part  IV,  p.  554.)  The  flume  box  is  8  feet 
wide,  4  feet  deep,  and  on  a  grade  of  26  feet  above  the  bed  of  Santa 
Ana  River  in  the  highest  place.  After  crossing  the  river  the  water 
enters  a  60-foot  tunnel,  then  a  short  stone  ditch,  and  finally  the 
long  tunnel,  which  is  3,250  feet  in  length,  7  feet  and  8  inches 
wide  at  bottom,  8  feet  and  4  inches  wide  at  the  4-foot  mark,  and 
6  feet  high.  The  top  of  this  tunnel  is  roofed  with  heavy  timbers 
covered  with  redwood  lagging  and  resting  on  brick  piers  laid  in 
pure  cement.  The  bottom  and  the  walls  l)etween  the  piers  are  made 
of  well- rammed  concrete,  the  whole  being  covered  with  a  coating 
of  pure  cement.  After  the  water  leaves  the  tunnel  in  its  coui-se 
towaixl  Riverside  it  makes  a  dix)p  of  40  feet  at  Highgrove  and  fur- 
nishes, from  a  Slillwell  &  Bierce  turbine,  250  guaranteed  theoretical 
horsepowei",  which  is  now  used  by  the  San  Bernardino  Electric  Light 
and  Power  Company  to  develop  electricity,  which  is  supplied  to  Colton 
and  San  Bernanlino  for  illumination  and  power  purposes.  At  River- 
side the  upper  canal  is  connected  with  the  lower  canal  by  a  32-foot 
fall,  which  furnishes  power  to  the  National  Ice  Company  for  the 
manufacture  of  ice.  The  canal  runs  through  the  city  of  Riverside, 
making  four  more  drops  before  it  I'eaches  its  destination  in  the 
Temescal  Wash. 
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Owing  to  the  loss  of  water  by  seepage  and  evaporation  daring  the 
hot  summer  mouths  of  the  irrigating  season,  and  to  save  the  expense 
of  cleaning  vegetation  from  the  canals,  it  has  been  found  economical 
to  plaster  the  banks  (see  PI.  X).  The  usual  method  followed  is  to  first 
thoi-oughly  wet  the  canal,  when  dry,  by  building  earth  dams  at  inter- 
vals which  will  bring  the  water  as  near  the  top  of  the  canal  as  possible. 
The  water  is  allowed  to  soak  into  the  ground  and  the  remainder  is 
drained  o(T.  After  the  canal  has  agftiu  become  dry  enough  to  work 
it  is  excavated  to  a  subgrade  three-fourths  of  an  inch  outside  of  the 
section  of  the  bank  and  l^elow  the  true  grade.  The  lining  is  extended 
oil  each  side  of  the  top  of  the  bank  for  a  distance  of  5  inches  and  a 
depth  of  three-fourths  of  an  inch.  Just  befoi*e  plastering,  the  banks 
of  the  canal  are  thoroughly  wet,  by  spraying  or  sprinkling.  The 
cement  mortar,  which  is  applieil  to  a  depth  of  three-fourths  of  an 
inch,  is  composed  of  one  barrel  of  pure  Portland  cement  to  four  bar- 
rels of  clean,  sharp  sand  thoroughly  mixed  dry  on  a  floor,  after  which 
sufficient  water  is  added  to  moisten  to  the  proper  consistency  and  the 
whole  is  again  thoroughly  mixed.  The  canal  is  first  plastered  on  the 
sides  and  a  selvage  of  5  inches  is  built  on  each  side  of  the  top;  the 
bottom  lining  is  put  in  last.  It  is  finally  completed  by  washing  with 
two  coats  of  liquid  cement.  After  the  cement  mortar  is  in  place  the 
canal  is  kept  moist  for  six  days,  so  that  it  will  harden  with  uniform 
color. 

MEASUREMENT  OF  WATER. 

An  important  detail  in  connection  with  this  canal  system  is  the 
measurement  and  division  of  the  wat^er.  Near  the  head  of  the  main 
canal,  where  it  crosses  the  Southern  Pacific  Railway's  main  line  to 
Yuma,  is  a  weir  which  measures  the  greater  portion  of  the  water 
diverted  by  the  company.  A  device  of  local  origin  has  been  con- 
structed for  permanently  recording  the  discharge  over  the  weir.  It 
is  made  in  Riverside,  by  Mr.  C.  II.  Watson,  and  costs,  set  up,  about 
$50,  or  $40  in  the  shop. 

AUTOMATIC  WATER  REGISTER. 

This  is  a  register  for  recording  accurately  the  elevation  of  the  sur- 
face of  water  in  either  a  reservoir  or  a  flowing  stream.  It  consists  of 
an  upright  revolving  cylinder  the  motion  of  which  is  regulated  by 
clockwork,  covered  by  the  record  sheet  of  paper,  which  is  ruled  in 
vertical  lines,  each  space  representing  one  hour  of  time,  and  in  hori- 
zontal lines  measuring  the  elevation,  which  is  marked  upon  the  record 
sheet  by  a  pencil  fixed  upon  an  upright  rod  terminating  at  its  lower 
extremity  in  a  float  resting  in  the  water.  The  register  is  inclosed  in  a 
substantial  wooden  box  or  case  45  inches  in  height,  17  inches  in  width, 
aud  12  inches  in  depth,  which  is  provided  with  a  secure  lock.  The  rod 
extending  from  the  recording  pencil  to  the  float  passes  through  the 
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bottom  of  the  box,  and  the  float  rests  in  a  well  of  still  water  so  con- 
nected with  the  main  body  of  water  as  to  maintain  the  same  elevation 
of  surface  as  the  main  body  and  still  be  free  from  wave  motion  and 
the  effects  of  currents.  The  float  is  so  weighted  as  to  be  steady  in  the 
water,  and  by  the  direct  action  of  the  rod  it  imparts  to  the  I'ecoi'ding 
pencil  firmness  and  accuracy. 

The  register  described,  which  is  the  size  generally  used  to  record 
the  fluctuations  of  streams  running  over  weirs  and  to  measure  in  that 
way  the  volume  of  water  in  ordinary  streams,  has  a  cylinder  which 
will  record  a  rise  or  fall  of  22  inches  and  upon  one  record  sheet  show 
the  exact  elevation  of  the  wat.er  surface  each  hour  for  an  entire  week, 
at  the  end  of  which  the  clock  must  be  wound  and  a  new  record  sheet 
be  placed  upon  the  cylinder.  The  same  record  sheet  can,  however,  be 
made  to  do  service  for  four  or  five  weeks  by  changing  the  elevation  of 
the  pencil  at  the  beginning  of  each  week  and  noting  its  relation  to 
the  datum.  A  telescoping  arrangement  of  the  float  rod  provides  for 
this. 

The  revolution  of  the  cylinder  is  produced  b}'  means  of  a  cord 
passing  over  a  small  pulley  at  the  end  of  the  cylinder.  This  cord, 
which  is  treated  so  as  to  be  unaffected  by  moisture,  also  ptisses  over 
a  pulley  upon  the  spindle  of  the  clock,  ami  terminates  at  each  end  in 
a  metal  weight.  These  weights  are  so  adjusted  that  the  heavier  one 
provides  all  the  power  to  revolve  the  cylinder,  tlie  motion  of  which  is 
steadied  by  the  lighter  weight  and  accurately  regulated  by  the  move- 
ment of  the  clock. 

The  recording  pencil  may  be  eitlier  an  ordinary  lead  pencil  or  a  x>en. 
It  is  gently  pressed  upon  the  recording  cylinder  by  an  ingenious  con- 
triv^ance  consisting  of  an  arm  or  spring,  and  can  be  set  back  from  the 
cylinder  when  necessary  to  change  the  record  sheet. 

This  register  is  in  use  on  many  streams  and  by  many  water  com- 
Xmnies  in  southern  California. 

The  water  for  irrigation  is  delivered,  by  means  of  vitrified  pixies,  to 
a  small  bay,  from  which  it  passes  over  a  weir  to  the  orchaixi  lateral. 
A  gate,  known  as  the  Watson  gate,  which  is  cheaply  constructed  and 
easily  handled  is  inserted  in  the  discharge  pipe  from  the  canal  and 
set  so  as  to  give  the  desired  head  on  the  weir  of  the  lateral.  For  a 
description  of  this  gate  see  paper  entitled  Water  Supply  of  San  Ber- 
nardino Valley,  in  the  Nineteentli  Annual  Report  of  the  United 
States  Geological  Survey,  Part  IV,  pages  595  to  59G. 

The  constancy  of  the  volume  of  the  supply  of  water  in  this  locality 
is  particularly  favorable  to  the  use  of  these  devices,  which  are  local 
developments. 
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SALE  AND  DISTRIBUTION  OF  WATER. 

Tlie  water  is  conveyed,  by  means  of  pipe  lines  and  cement  and 
earthen  ditches,  to  the  highest  corner  of  each  10-acre  lot.  Irrigation 
water  is  sold  for  16  cents  a  miners'  inch  (0.02  second-foot),  twenty- 
four  horn's'  run.  The  quantity  that  an  irrigator  may  use  is  not  lim- 
ited. One  miners'  inch  flowing  twenty-four  hours  is  equal  to  12,925 
gallons.  When  the  water  is  piped  under  pressure  and  not  measured 
it  is  sold  at  the  rate  of  $10  an  acre  for  the  season,  unrestricted  service. 

To  1890  the  Riverside  Water  Company's  irrigating  system  is  said 
to  have  cost  $837,757.83  and  its  domestic  system  $168,181.80.  The 
following  is  the  annual  statement  of  the  secretary  of  the  company  on 
December  1,  1899: 

Assets, 

Irrigating  plant,  valae  December  1,  1808 _      $822,118.28 

Improvements,  1809: 

Cooley  water  right $4,006.40 

Zahjero  houses 71.95 

Telephone  (constrQction) 184.50 

Lateral  ditches 336.84 

Pipelaterals 2,315.16 

Engineering 350.81 

Storm  ditch 700.30 

Artesian  wells 5.097.98 

General  improvements 2,575.61 

15, 639. 55 

Value  of  plant  December  1 ,  1899 ...        837,757.83 

Domestic  system,  value  December  1 ,  1698 167, 496. 70 

Improvements,  1899 68j.  10 

168,181.80 

Furniture  and  fittings .,.   1,144.07 

Rubidoux  hotel  site 1,000.00 

Sinking  fund  . .  33,028.00 

Livestock 863.25 

Stock  of  Riverside  Land  Company 109,344.11 

Due  from  domestic  water  users 2, 452. 44 

Due  from  Riverside  Land  Company 13,315.23 

Tools 7,432.61 

Solvent  accounts  due 744. 94 

Cash  on  band  and  in  bank  . 7,032.68 

Operating  expenditures, 

Legalexpense $2,452.00 

Telephone  (operating) 395.84 

Bond  expense 583. 11 

Cook  ranch 561.80 

Interest  on  bonds 33,221.53 

Interest  and  exchange 54.31 

Taxes 6,313.17 

Printing 125.00 

Advertising 66.38 
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Stationery.. $59.72 

Breaks  in  canals 107.95 

Repairs 4,988.25 

Salaries...    6,757.00 

Cleaning  canals  and  laterals 4, 082. 10 

Expense  (office  rent,  etc. ) 654. 94 

Nightwat<;h 90.20 

Zanjero  wages .   .   . 5,097.15 

Domestic  water  salary. 1,200  00 

Feed    462.15 

Postage 186.50 

Pipe  repairs.-- 274.64 

Temporary  water  leased 3, 459. 14 


Total 


$70, 142. 88 
1,252,439.84 


Liabilities, 


Capital  stock 

Bonds  payable  in  1912 

Dividends  (from  land  company) 

Loss  and  gain 

Accounts  payable 


236,380.00 

812,500.00 

20,000.00 

86, 058. 77 

62.50 


Operating  income, 

Ranh .* $1,897.32 

Water  sales  by  the  inch _   59, 454. 10 

Water  sales  by  the  acre 5, 673. 60 

Waterpower 4.891.65 

Domestic  water 24,662.65 

Rent    - 859.25 


Total 


97, 438. 57 
1,252,439.84 


The  receipts  of  the  company  for  water  sei'vice  are  shown  in  the 


following  table: 


Receipts  of  Riverside  Water  Company  for  toater  service. 


Year. 


1H«6 
1887 
18HH 
1889 
IWN) 
1891 
1893 


Irrigating 

Domestic 

system. 

121,418.81 

system. 

$120. 10 

24.919.47 

1,058.95 

2:^830.44 

8,672.30 

28,a94.1H 

9,525.00 

3H,516.(X) 

13,058.45 

37,421.45 

19,209.83 

39.557.10 

22,349.90 

Irrigating    Domestic 
system.    '    system. 


83,884.91 
40,738.80 
38,504.43 
35,277.06 
49.725.88 
62.282.93 
65,127.70 


23,151.10 
22.284.e0 
22,382.43 
22.463.7V 
21,719.00 
23,{r72.01 
24,662.65 


The  capital  stock  of  the  Riverside  Water  Company  is  $240,000, 
divided  into  24,000  shares  of  $10  each,  intended  to  cover  12,000  acres, 
two  shares  of  stock  beinj^  issued  for  each  acre  of  land.  Of  this  entire 
capital  stock,  to  December  31,  1899,  there  had  been  paid  in  and  stock 
issued  for  $236,380,  or  11,819  acres.     The  amount  of  cash  expended  by 
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the  company  to  that  date  was  11,252,430;  the  value  of  the  plant  is  esti- 
mated  at  $2,500,000.  The  amount  expended  annually  since'  its  organi- 
zation, in  purchase  and  construction,  is  shown  by  the  following  table: 

Annual  expenditures  of  Riverside  Water  Company  in  purchase  and  construction. 

1885. $120,000.00     1893. $84,583.91 

1886    27.00     1894 73,267.72 

1887... 598.56     1895        16.049.32 

1888 64,657.28     1896 11,404.47 

1889 311,962.02  ;  1897 9,681.32 

1890 41,362.22     1898 18,255.85 

1891 178,666.59     1899 16,324.65 

1892 69.118.72  , 

Water  rates  flawed  by  the  board  of  city  trustees  of  Riverside, 

1885  to  1888,  inclnaive,  7i  cents  fori  miners*  inch.  24  honrs*  run. 

1889  to  1897,  inclasive,  10  cents  for  1  miners'  inch,  24  honrs'  rnn,  or  $7  per 

acre  per  annum,  unlimited  service  from  pressure  pipes. 
1898  to  1900,  inclusive,  15  cents  for  1  miners' inch,  24  hours*  rnn,  or  $10  per 

acre  per  annum,  unlimited  service  from  pressure  pipes. 

DOMESTIC   SYSTEM. 

Water  for  municipal  and  domestic  purposes  was  at  first  obtained 
from  the  irrigating  canals;  but  in  1886  the  Riversi<le  Water  Company 
began  the  construction  of  it^s  domestic  system,  by  which  artesian  water 
for  municipal  and  domestic  uses  is  delivered  through  a  well-conceived 
and  comprehensive  pipe  system,  under  a  pressure  of  not  less  than  70 
pounds  to  the  square  inch.  The  capacity  of  the  system  is  S,0(X),000 
gallons  daily.  The  water  supply  is  from  eighteen  art(»sian  wells  lo- 
cated in  lot  4,  block  65,  San  Bernardino  Rancho,  about  2 J  miles  east 
of  the  town  of  Colton.  The  wells  vary  in  depth  from  111  feet  to  344 
feet,  and  cost,  on  an  average,  $500  each. 

In  the  fall  of  1887  the  first  group,  consisting  of  six  11-inch  wells, 
were  sunk  to  an  average  depth  of  115  feet,  and  flowed,  when  finished, 
about  5  second-feet.  These  wells  were  sufficient  to  supply  the  domestic 
consumption  of  Riverside  for  several  years;  but  as  the  demands  for 
water  increased  the  conjpany  found  it  expedient  to  construct  more 
wells,  which  they  did,  using  casings  of  smaller  diameter  and  sinking 
the  wells  deeper  in  order  to  tap  lower  sul)terranean  strata.  The 
water  from  all  of  these  wells  is  conducted  through  a  gravity  vitrified 
pipe  line  to  a  circular  cement-lined  reservoir,  where  it  is  aerified  over 
a  partition.     (See  PL  VI,  B,) 

From  the  reservoir  the  water  passes  through  three  screens,  of  dif- 
ferent size  mesh,  to  a  17-inch  steel  pipe.  Pipe  of  this  size  extends  for 
a  distance  of  3.8  miles,  when  it  is  reduced  to  16-inch  steel  pipe  for 
the  remainder  of  the  distance  (4.3  miles)  to  Riverside.  The  pipe  line 
has  a  total  fall  of  172  feet  to  the  center  of  the  city  of  Rivei*side,  and  a 
capacity  of  3,000,000  gallons  daily.  In  the  city  the  larger  mains — 
6-inch,  8-inch,   and  9-inch — run  east  and  west  and   are  connected 
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at  intersecting  streets  with  smaller  pipes.     The  fire  hydrants  are 
attached  to  the  large  mains  and  afford  excellent  fire  service. 

GAGE  CANAL  SYSTEM." 

The  Gage  canal  is  in  Riverside  and  San  Bernardino  counties.  Its 
initial  point  is  in  the  bed  of  Santa  Ana  River,  in  lot  4,  block  69,  San 
Bernardino  Rancho;  or  a  more  specific  description  would  he  SW.  i 
sec.  13,  T.  1  S.,  R.  4  W.,  S.  B.  M.  The  initial  point  has  an  absolute 
elevation  above  sea  level  of  1,035  feet.  The  terminal  point  of  the  canal 
is  at  the  south  boundary  of  SE.  i  sec.  19,  T.  3  S.,  R.  5  W.,  S.  B.  M. 
The  total  distance  between  the  two  points,  following  the  line  of  the 
canal,  is  20.16  miles.  The  construction  of  the  canal  proper  was  begun 
in  the  year  1885  and  was  finished  as  far  as  flume  No.  9,  over  Terqnis- 
quite  Arroyo,  in  the  year  1886.  The  actual  work  of  construction  of 
the  remaining  portion  was  begun  in  the  spring  of  1888  and  was  practi- 
cally comi)leted  during  that  year.  The  whole  of  the  c^nal  was  exca- 
vated, generally  in  the  clay  formation,  on  a  grade  of  2  and  3  feet  to 
the  mile,  and  to  a  uniform  depth  of  4  feet,  with  varying  width  of 
bottom. 

The  accompanying  map  (PI.  I)  shows  the  location  of  the  canal  in 
relation  to  all  of  the  intermediate  points  and  the  adjacent  territory. 

Pis.  VII,  Ay  and  XI,  and  figs.  3  to  14,  inclusive,  show  features  of 
the  syst^^m. 

HISTORY. 

The  construction  of  the  Gage  canal  was  begun  by  Mr.  M.  Gage  in 
the  year  1885,  and  was  finished  so  that  water  was  run  through  it  as 
far  as  Terquisquite  Arroyo  in  the  fall  of  1886.  During  the  winter  of 
1886-87  all  of  the  tunnels  were  thoroughly  cemented  on  the  sides 
and  bottom,  to  a  depth  of  from  4  to  6  inches,  with  Portland  cement  con- 
crete, and  their  tops  were  timbered. 

Up  to  that  time  the  work  was  under  the  supervision  of  C.  C.  Miller, 
as  engineer,  and  R.  Gage,  as  superintendent  of  construction.  On 
January  18,  1887,  W.  Irving  took  charge  of  the  work  as  engineer,  Mr. 
Gage  remaining  as  superintendent  of  construction. 

During  the  early  part  of  the  year  1887  a  4emporary  connection  iras 
made  l>etween  the  head  of  the  canal  and  the  river,  and  water  was  run 
continuously  to  East  Riverside  in  quantities  varying  from  300  to  500 
miners'  inches,  as  the  demands  of  the  owners  of  the  land  I'equired. 

The  average  grade  of  the  canal  between  the  head  gates  and  Ter- 
quisquite Arroyo  is  about  2^  feet  to  the  mile,  and  the  total  distance 
11.9  miles.  During  the  spring  of  1887  a  survey  of  the  continuation 
of  the  canal  below  Terquisquite  Arroyo  was  made  by  W.  Irving,  the 
trial  line  being  run  and  general  location  determined  on  or  about 
March  15  of  that  year.  The  grade  on  which  the  continuation  was 
made  was  about  2  feet  to  the  mile,  or  about  0.04  foot  to  the  station. 

•The  writer  is  indebted  to  Mr.  William  Irving,  of  Blyerside,  for  most  of  the  facta  herein 
oontained  roRarding  the  Gage  canal. 
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On  August  1,  1887,  the  permanent  head  gates  were  located  and  the 
work  of  construction  was  begun.  In  November,  1887,  the  water  was 
tamed  into  the  canal  through  the  new  head  gates,  which  are  shown 
in  iig.  3,  x>age  86.  In  fig.  4,  page  87,  is  shown  a  section  of  th^ 
headworks. 

On  August  15,  1887,  the  work  of  constructing  a  submerged  dam  for 
the  diversion  of  water  to  the  canal  and  for  carrying  the  water  from 
the  sources  on  the  noi-th  side  of  the  river  was  begun,  the  dam  being 
completed  about  the  end  of  November  of  that  year. 

In  the  same  year  Mr.  M.  Gage  claimed  to  be  the  owner  of  all  of  the 
water  flowing  in  Santa  Ana  River  at  the  point  of  diversion,  which  at 
that  time  was  said  would  equal,  on  an  average,  about  450  miners' 
inches,  or  9  cubic  feet  per  second,  during  the  irrigation  months.  At 
the  same  time  Mr.  Gage  had  developed,  by  means  of  fourteen  artesian 
wells,  al)out  0()0  miners'  inches,  as  measured  by  G.  ().  Newman,  mak- 
ing a  total  of  1,050  miners'  inches,  or  21  cubic  feet  per  second.  The 
owners  of  the  Gage  canal  l30ught  the  Camp  Carlton  ditch,  one  of  the 
old  water  rights  of  Santa  Ana  River,  upon  the  ownership  of  which  it 
based  in  i>art  its  claim  to  the  total  flow  of  the  river  at  its  headworks. 
In  consideration  of  this  transfer  the  vender  was  to  receive  water  from 
the  Gage  C4inal. 

At  that  time  Mr.  M.  Gage  was  the  owner  of  all  of  the  lands  known 
as  the  Orange  Grove  Homestead,  amounting  to  about  2,300  aci*es  and 
situated  in  and  forming  part  of  the  San  Bernardino  Rancho.  Santa 
Ana  River  flows  through  these  lands  for  a  distance  of- about  3^  miles, 
the  course  of  the  river  being  S.  65°  W.,  on  a  line  passing  through 
points  of  entrance  and  exit.  The  lands  described  form  both  banks 
of  the  river  throughout  very  nearly  its  entire  course.  In  consequence, 
Mr. .  Gage,  as  riparian  owner,  claimed  all  of  the  water  flowing  in 
the  river  at  that  point.  Alx)nt  the  end  of  June,  1887,  the  Riverside 
Water  Company  entered  suit  against  him,  denying  his  right  to  t^ke 
more  than  a  certain  amount  of  water  from  the  river.  The  case  was 
tried,  and  the  judgment,  which  was  given  in  the  early  part  of  1888, 
limited  the  amount  of  water  to  be  taken  from  the  river  by  Mr.  Gage 
during  the  irrigation  season — including  the  months  of  May,  June, 
July,  August,  and  September — to  289.5  minei*s'  inches.  Under  that 
decision  it  is  presumed  that  during  the  remaining  seven  months  all 
of  the  water  flowing  in  the  river  may  be  taken  out  and  used  by  those 
who  can  obtain  it. 

In  the  spring  of  1888  the  total  available  supply  to  the  Gage  canal 
was  as  follows: 

Miners'  inches. 

Biver  water 289.5 

Parish  ditch,  say 30.0 

From  wells 600.0 

Total  (1887, 1888).. 919.5 

Or  18.39  cnbic  feet  per  second. 
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During  a  flood  in  Santa  Ana  River  in  the  month  of  February,  1888, 
the  submerged  flume  was  carried  away,  and  up  to  the  present  time 
it  has  not  been  replaced. 

,  In  the  latter  part  of  1887  and  the  early  part  of  1888  the  portion  of 
the  canal  below  Terquisquite  Arroyo  was  Anally  located,  the  ter- 
minal point  being  on  the  SE.  i  sec.  19,  T.  8  S.,  R.  5  W.,  S.  B.  M.,  8.26 
miles  distant  from  the  terminus  of  the  upper  section,  measured  on 
the  line  of  the  canal.  This  makes  a  total  length  of  canal  equal  to 
20.16  miles  between  the  head  gates  and  the  lower  end,  or  the  point 
above  described. 

The  work  of  construction  on  the  second  or  lower  section  of  the 
canal  was  begun  in  the  early  part  of  the  year  1888,  Grant  Brothers 
having  the  contract  for  the  earth  work.  Flumes  Nos.  9  to  13,  inclusive, 
were  constructed  by  Mr.  M.  Gage,  under  the  supervision  of  W.  Irving, 
as  engineer,  and  R.  Gage,  as' superintendent  of  works,  and  the  whole 
was  practically  completed  in  the  early  part  of  August  of  the  same 
year  (1888),  except  a  short  interval  (about  1,700  feet)  through  sec.  21, 
T.  3S.,  R.  5  W.,  S.  B.  M. 

On  March  31,  1888,  the  water  was  first  turned  into  flume  No.  9,  over 
Terquisquite  Arroyo,  and  from  thence  over  to  flume  No.  10  and  into 
the  canal  below  for  a  distance  of  about  600  feet.  After  that  date  it  was 
run  to  section  21 ,  as  already  described.  The  amount  of  water  running 
in  the  Gage  canal  during  the  month  of  July,  1888,  was  from  500  to  700 
miners'  inches,  measured  at  flume  No.  3,  which  was  used  for  the  irri- 
gation of  lands  north  of  Terquisquite  Arroyo,  a  portion  of  the  water 
wasting  at  flume  No.  11,  Arlington  Heights. 

During  the  year  1888,  commencing  about  the  month  of  April,  a  num- 
ber of  wells  were  sunk  in  the  river  bottom  near  the  point  where  Moun- 
tain View  avenue  crosses  the  river.  This  group  of  wells  was  known 
then  and  for  sometime  afterwards  as  group  E.  They  were  eleven  in 
number,  including  two  wells  excavated  in  1887  a  short  distance  west 
of  the  avenue,  the  remaining  nine  being  located  east  of  the  avenue, 
seven  of  them  on  the  south  side  of  the  river  and  two  on  the  north  side. 
This  group  (E)  of  wells  was  redesignated  in  1892,  and  they  are  now 
known  as  wells  Nos.  28  to  38,  inclusive,  and  form  part  of  a  general 
numbering  (1  to  55)  of  all  the  wells  tributary  to  the  canal.  They  all 
are  10  inches  in  diameter,  and  at  the  time  of  excavation  Nos.  28,  29, 
33,  34,  and  35  gave  a  very  large  flow  and  added  greatly  to  the  water 
supply.  The  combined  flow  of  the  eleven  wells  equaled  677  miners' 
inches. 

During  the  year  1888  three  additional  wells  were  excavated  on  the 
east  bank  of  the  canal  between  flume  No.  1  and  the  point  where  the 
Santa  Fe  Railroad  crosses  the  canal.  These  wells  are  10  inches  in 
diameter.  They  formerly  were  known  as  part  of  group  B,  but  now 
are  known  as  Nos.  7,  8,  and  9.  They  have  added  about  120  miners' 
inches  to  the  general  supply.     At  the  end  of  the  year  1888  the  total 
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water  supply  available  was  equal  to  about  1,500  miners'  inches,  as 
follows: 

Minors'  inches 

Group  B(No8. 7, 8, 9, 11, and  12)  250.0 

GroapC  (Noe.  45, 46, 47, 48, 49.  and  50) 258.0 

GronpD  (Noe.  51, 52, 63,  and  54)  , 45.0 

Gronp  E  (Nob.  28  to  88,  inclusive) ...  582.5 

Pariah  ditch 75.0 

River  water 289.5 


Total 1,500.0 

or  30  cubic  feet  per  second. 

During  the  year  1889  the  Gage  canal  below  Terquisquite  Arroyo 
was  completed  in  all  of  its  parts  and  the  water  was  run  to  the  lower 
end.  Improvements  all  along  the  line  between  the  head  gates  and  the 
terminus  were  made  to  grade  by  releveling,  cutting,  and  filling,  b}'^ 
increasing  the  strength  of  banks  in  the  fills  and  wherever  else  needed, 
and  by  relining  the  flumes  to  grade  where  they  had  settled  on  th(»ir 
foundations. 

The  maintenance  of  the  canal  was  under  the  supervision  of  Mr.  M. 
Gage,  represented  by  Mr.  Irving,  as  engineer,  and  the  expense  was 
borne  b}'^  Mr.  Gage,  excepting  the  portion  between  tunnel  No.  13  and 
Terquisquite  Arroyo,  which  was  partially  borne  by  the  East  Riverside 
Wat.er  Company.  Many  serious  breaks  occurred  during  the  year  1880, 
causing  several  daj^s'  interruption  in  irrigation  and  3onsiderable 
expense  for  repairs. 

The  total  cost  of  construction  of  the  portion  of  the  canal  south  of 
Terquisquite  Arroyo,  including  flumes  Nos.  9,  10,  11,  12,  and  13,  was 
$30,250.73,  as  follows:  Cuts  and  fills,  $14,849.81;  flumes  (2,750  feet), 
$13,9(X).92;  engineering,  151,500.     Total  length  of  canal,  8.22  miles. 

During  the  months  of  June  and  July,  1889,  Mr.  E.  Low  planted  to 
orange  trees  the  greater  iK)rtion  of  the  south-central  80  acres  of 
sec.  35,  T.  2  S.,  R.  5  W.,  S.  B.  M.  On  this  land  was  used,  in  1889,  the 
first  water  from  the  Gage  canal  below  flume  No.  9  for  a  useful  purpose. 

During  this  and  the  previous  year  the  lands  of  Arlington  Heights 
were  platted  in  a  most  thorough  manner  by  Messrs  Whitten  and 
Rawson,  under  the  supervision  of  Mr.  Irving,  the  street  divisions 
generally  inclosing  40  acres  and  the  block  thus  formed  being  sub- 
divided into  10-acre  lots.     All  acreage  is  exclusive  of  streets. 

During  the  early  spring  of  1889  one  more  well  was  sunk,  forming 
part  of  group  B  and  now  known  as  No.  10  in  the  general  numbering. 

On  April  17, 1889,  by  request  of  the  Home  Life  Insurance  Company, 
of  San  Francisco,  Prof.  E.  W.  Ililgard,  of  theUniv^ersity  of  California, 
made  an  examination  and  measurement  of  all  water  flowing  or  possi- 
ble to  flow  at  that  date  from  the  water  sources  of  the  Gage  canal. 
The  following  are  the  results  of  the  measurements  made  while  all  of  the 
sources  were  flowing  simultaneously  and  had  been  flowing  for  about 
thirty-six  hours.     The  designation  of  the  wells  which  was  adopted  by 
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Professor  Hilgard  was  the  letters  A,  B,  0,  and  D  for  certain  groups 
of  wells  which  afterwards  were  known  as  B,  C,  D,  and  E,  the  A  in  the 
latter  enumeration  representing  the  Hunt  &  Cooley  wells,  in  which 
Professor  Hilgard  was  not  interested.  In  the  following  enumeration 
the  latter  designation  has  been  adopted,  making  it  agree  with  all  of 
tlie  other  references,  to  which  will  be  added  the  present  numbering: 

Miners' 
inches. 

Group  B,  or  No8.  7  to  12,  inclnsive  (6  wells) 380.0 

Group  C,  or  Nos.  45  to  50,  inoluBive  (6  weLls) 235. 0 

Group  D,  or  Nos.  51  to  54,  indnsiye  (4  wells) 85.0 

Group  E,  or  Nos.  28  to  38,  inclusive  (11  wells) 571.0 

Parishditch 157.0 

South  side  streams  (estimated) 75. 0 

Water  right  in  Santa  Ana  River 289.5 

Total .--  1,612.5 

On  July  27,  1889,  by  request  of  the  Riverside  Water  Company  Mr. 
G.  O.  Newman,  representing  that  company,  and  Mr.  Irving,  repre- 
senting Mr.  M.  Gage,  examined  for  the  first  time  since  the  decision  of 
the  court  was  rendered  the  diversion  of  water  from  the  river  through 
the  Gage  canal.  They  measured  the  total  flow  in  the  c-anal  on  the 
weir  at  flume  No.  3  and  determined  the  net  product  to  be  746  miners' 
inches. 

Miners* 
inches. 

Wells  of  group  E  ( Nos.  1 , 2,  «S,  4, 6, 7,  and  8,  or,  according  to  the  present 

numbering,  Nos.  88, 87, 86, 35, 83, 32,  and  31 )  total  discharge 320. 0 

Water  right  in  river 289. 5 

Parish  ditch  (estimated) : 120.0 

Total  water  flowing  at  head  gate 729. 5 

Measured  water  flowing  into  head  gates  over  weir. 594. 0 

Balance  unused 135.5 

The  difference  between  the  amount  of  water  at  the  head  gates  and 
that  at  flume  No.  3  is  accounted  for  by  the  discharge  of  the  wells  of 
group  B  below  the  head  gates.  On  July  26  or  the  day  previous  there 
was  a  larger  quantity  of  water  discharging  into  the  canal  at  the  head 
gates,  as  shown  by  the  following: 

Miners' 
inches. 

Water  right  in  river 289. 5 

Product  of  seven  wells 300. 0 

Parishditch 140.0 

Total  at  lower  weir 729.5 

Deduct  amount  at  head-gate  weir 679.0 

Balance  unused- 50.5 

The  flow  of  water  in  the  canal  during  the  year  1889  varied  from  a 
maximum  of  about  8<X)  miners'  inches  in  July  to  about  500  miners' 
inches  in  November. 
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During  the  year  1890  many  changes  and  improvements  were  made 
in  connection  with  the  canal  and  the  lands  of  Arlington  Heights. 
Mr.  Gage  had  visited  EngUnd  in  the  fall  of  1889,  and  had  interested 
capitalists  in  his  enterprise  of  developing  the  lands  at  Arlington 
Heights.  In  furtherance  of  the  project  two  representatives,  Messrs. 
T.  Waterhouse  and  Wilson  Crewdson,  were  sent  by  them  to  River- 
side to  examine  the  property.  Their  report  being  favorable  a  com- 
pany was  formed,  the  capital  stock  of  which  was  placed  at  $1,255,000, 
divided  into  5,000  A  shares  of  $250  each  and  1,000  B  shares  of  $5  each. 
On  December  13, 1889,  a  provisional  contract  was  entered  into  between 
Messrs.  M.  Gage  and  Wilson  Crewdson,  which  was  assigned  to  the 
new  company,  known  as  the  Riverside  Trust  Company,  Limited. 

During  the  early  part  of  the  year  1890  pipe  lines  of  riveted  sl^eel 
plate  were  laid  on  Adams  and  Jane  streets,  and  substantial  bulkheads 
were  constructed  in  the  canal  where  the  pipe  lines  entered.  A 
vitrified  pipe  line  similarly  connected  was  laid  on  Evans  street  as  far 
as  Duflferin  avenue.  During  the  fall  and  winter  following  the  canal 
was  lined  with  masonry  at  the  lower  fill,  between  Harrison  and  John 
streets,  and  at  flumes  Nos.  13,  12,  11,  10,  and  9.  Retaining  walls  of 
masonry  were  also  constructed  at  the  ends  of  all  of  these  flumes,  thus 
removing  the  woodwork  from  contact  with  the  clay.  In  addition  to 
tliis  the  fill  at  Hall's  reservoir  and  Eighth  street,  north  of  Terqnis- 
quite  Arroyo,  was  lined  with  masonry  and  cement  plaster. 

A  portion  of  the  Williams  tract  lying  east  of  the  east  and  north  line 
of  the  bluff  of  Santa  Ana  River,  amounting  to  about  430  acres,  was 
purchased  by  the  Riverside  Trust  Company,  Limited,  in  1890.  This 
purchase  extended  the  frontage  on  both  sides  of  the  river  1  mile 
farther  to  the  east,  thus  making  a  continuous  frontage  due  east- west 
of  4  miles,  or  by  following  the  course  of  river  about  4i  miles. 

During  the  year  it  was  determined  to  construct  a  levee  on  the  south 
side  of  the  river,  beginning  at  the  head  gates  and  extending  east,  and 
in  connection  therewith  to  construct  a  flume  immediately  behind  it 
for  the  conveyance  of  water  from  the  artesian  wells,  and  if  thought 
necessary  to  carry  therein  to  the  head  gates  the  river  water  that  could 
be  taken  out  at  a  higher  point.  Piles  8  inches  by  8  inches  by  IC 
feet  were  driven  at  16-foot  intervals  on  the  line  determined  for  the 
levee,  and  an  embankment  of  brush  and  sand  was  formed  behind 
the  piling  and  connected  to  it.  The  flume  was  placed  50  feet  from  the 
face  of  the  levee.  It  was  constructed  of  cedar  framing  and  sheeting, 
and  was  gradually  submerged  below  the  surface  of  the  ground  as  it 
extended  up  the  river.  About  1,000  feet  of  these  works  were  built 
during  the  year,  extending  upstream  from  the  old  head  gates. 

No  official  measurement  of  the  water  of  the  Gage  canal  was  made 
during  the  year  1890,  measurements  having  been  deemed  unnecessary 
because  there  was  not  a  scarcity  of  water.  Well  No.  55  (the  Camp 
well)  was  excavated  during  the  year,  but  was  not  then  used  as  a  part 
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of  tlie  canal  water  supply.  Its  flow  was  estimated  to  be  50  miners' 
inches. 

During  the  year  1891  pipe  lines  were  placed  on  Maude,  Horace, 
Washington,  Gratton,  Irving,  Jackson,  John,  McAllister,  and  Stuart 
streets,  and  laterals  from  them  were  run  to  the  lands  of  Arlington 
Heights,  amounting  in  the  aggregate  to  more  than  1,000  acres.  Masonry 
foundations  were  built  for  all  of  the  flumes  from  No.  9  to  No.  13, 
inclusive,  and  bulkheads  were  constructed  at  the  canal  for  all  of  the 
entering  pipe  lines.  Arrangements  were  made  to  cement  the  canal 
from  the  head  gates  to  flume  No.  6  wherever  it  had  not  already  been 
cemented.  During  the  latter  part  of  the  year  contract  therefor  was 
made  with  Gray  Brothers,  of  San  Francisco,  and  work  was  begun  in 
December  between  flumes  Nos.  1  and  2.  The  work  consisted  of  a 
thorough  reconstruction  of  the  canal  by  a  realignment  and  regrading  of 
all  parts,  resulting  in  a  more  perfect  cross  section.  Plaster  three- 
fourths  of  an  inch  thick,  composed  of  one  part  Portland  cement  and 
four  parts  clean,  sharp  sand,  was  applied  to  all  parts  of  the  canal  in 
natural  banks;  to  all  parts  in  made  banks  and  side-hill  work  the  outer 
slopes  were  lined  with  6-inch  masonry  and  then  were  plastered  with 
cement.  The  ends  of  all  flumes  were  incased  in  masonry  abutments 
and  retaining  walls,  freeing  them  from  contact  with  the  earth.  During 
that  year  (1891)  about  1,000  acres  of  land  were  planted  on  Arlington 
Heights.  In  1889  an  employee  of  the  company  was  stationed  at  flume 
No.  3,  whose  duty  it  was  to  keep  in  I'epair  the  section  of  the  canal 
along  the  bluff  and  to  make  a  daily  record  of  the  quantity  of  water 
flowing  in  the  canal  at  flume  No.  3. 

During  the  winter  of  1890-91  floods  carried  away  a  i>ortion  of  the 
levee  and  the  casing  of  the  channel  l)ehind  it.  This  was  owing  to 
obstructions  in  the  channel  above  the  works,  causing  a  diversion  of 
the  river  which  forced  it  to  approach  the  levee  at  almost  right  angles, 
resulting  in  the  cutting  of  a  passage  which  exposed  the  channel  behind 
to  the  destructive  action  of  the  water.  During  that  season  wells  Nos. 
1  to  6  and  Nos.  13  to  27,  inclusive,  were  excavated,  making  in  the 
aggregate  21  additional  wells. 

The  cementing  of  the  canal  as  far  as  flume  No.  6,  as  previously 
determined,  was  completed  during  the  spring  of  1892.  In  that  year 
pipe  lines  also  were  placed  on  Arlington  avenue  and  on  Ana,  Mar}^ 
Madison,  Evans,  St.  Lawrence,  Jefferson,  Irving,  Monroe,  Van  Buren, 
Robert,  and  Harrison  streets,  and  a  large  number  of  laterals  were 
extended  from  the  mains  to  the  lands  and  connected  with  the  irrigating 
flumes.  Considerable  additional  land  was  planted  during  the  year, 
but  not  so  much  as  during  the  previous  year.  Arrangements  were 
also  made  to  continue  the  cementing  of  the  canal  from  the  point 
where  it  had  been  completed  in  the  spring  to  the  upper  end  of  flume 
No.  10,  south  of  Terquisquite  Arroyo.  Contracts  for  this  work  were 
entered  into  with  Gra}'  Brothera.  The  work  was  begqn  during  the 
month  of  December  and  continued  during  the  remainder  of  the  wint-er. 
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In  this  same  year  (1892)  James  Sheddan  was  made  zanjero  of  the 
caual  above  flume  No.  3,  inclading  head  gates,  artesian  wells,  and 
river,  and  the  work  of  levee  construction  was  carried  on  with  vigor. 
The  part  of  the  levee  between  the  head  gates  and  well  No.  39  was 
completed  during  the  year  and  was  tested  by  the  floods  of  the  follow- 
ing winter,  with  fairly  satisfactory  results.  Wells  Nos.  39  to  44, 
inclusive,  were  excavated,  making  G  additional  wells  added  to  the  sys- 
tem that  year. 

On  November  11,  1892,  careful  measurements  were  begun  of  the 
total  water  supply  of  the  Gage  canal  system  developed  up  to  t  liat 
date,  and  were  continued  several  days,  for  the  puri)ose  of  determining 
many  factors  in  connection  with  the  water  sou I'ces.  The  chief  results 
are  summarized  in  the  following  table : 

Artesian  wells  of  Gage  canal  system,  1S9J, 


No.  of  well. 

Distance 
apart. 

Depth. 

Feet. 
656 
534 
382 
482 
320 
784 
196 
190 
142 
148 
141 
181 
426 
472 
518 
388 
380 

:m 

196 
124 
116 
134 
168 
166 
152 
123 
125 
144 
140 
138 
106 
130 
146 
116 
134 
116 
147 
122 
115 
160 
193 
192 
390 
224 
123 
133 
133 
139 
211 
100 
31 N) 

Diam- 
eter. 

Inches. 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

< 

7 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
7 
7 

^ 

t 
t 

7 

t 

10 

Temper- 
ature of 
water. 

I^egrees. 
75 
74 
74 
74 
TS 
74 
70 
70 
70 
68 
67 
68 
70 
70 
64 
66 
65 
(t2 
62 
62 
62 
62 
62 
HSZ 
62 
62 
62 
62 
62 
62 
64 
64 
63 
Ci\ 
63 
64 
66 
66 
66 
66 
66 
66 
66 
64 
62 
62 
62 
»« 
62 
62 
64 

Pres- 
sure. 

Feet. 
25 
70 
76 
74 
23 
80 
11 
11 
11 
12 
2H 
20 
16 
17 
17 
50 
50 
50 
17 
12 
13 
17 
11 
14 
14 
13 
14 
15 
16 
13 
15 
16 
18 
16 
15 
16 
16 
16 
li 
17 
14 
17 
18 
20 
25 
25 
25 
??n 
23 
25 
22 

(^a]>RC- 
ity. 

1 

2 

Feet. 

0 

1,216 

296 

525 

561 

265 

4,600 

353 

204 

320 

714 

80 

765 

530 

1,680 

190 

175 

480 

330 

270 

260 

270 

265 

265 

320 

280 

320 

280 

310 

790 

430 

35 

315 

560 

130 

120 

680 

90 

276 

1.090 

474 

510 

610 

500 

1,580 

15 

15 

40 

50 

40 

1.590 

Miners' 
inches. 
5.(10 
33. 50 

o - 

4 

29.00 
41.20 

5 

6 

1                   .......... ---_■.,.«•■      .....-.•_...-•.•._. 

8.50 
45.(10 
13. 70 

8 

21.00 

9 . 

10 

3.5<l 
3.20 

11 

12 

13 

14 

24.50 

21.  (SO 

86.50 

101.50 

15 

62.50 

18 

17 

50.00 
32.00 

IM 

27.00 

19 

43.50 

a) 

9.. 50 

21 

22 

24.70 
50.50 

23 

:)6.00 

34    

26.00 

25 

28    

19. 70 

21.00 

:?r 

28 

9.(10 

:w.oo 

29       

28. ») 

3J) -• 

31    

11.20 
3. 70 

32 

33 

34 

36 

36 

1(120 
41.  (JO 
48.00 
30.50 
16.00 

37     

42.  (N) 

:» 

39 

40 

28.75 
10. 50 
n .  la 

41 

42       

63.  .'lO 
Wi.  75 

m 

109. 75 

44 

92.75 

4.5 

76.50 

46 

6.70 

47 

24.40 

48 

29.33 

49 

50       

28.40 
15.00 

56 

80.  (K) 

1,798.45 
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It  will  be  undei-stood  that  the  gagings  are  minimum  measurements 
t>aken  at  the  end  of  the  irrigation  season  and  while  all  of  the  wells 
were  running  open  and  part  of  them  had  been  running  open  during 
the  season.  The  pressure  (in  feet)  of  each  well  was  taken  while  it 
was  closed.  The  average  flow  for  each  well  is  35.15  miners' inches; 
the  total  flow  is  1,793.45  miners'  inches,  or  23,243,112  gallons  daily. 

The  work  of  completing  the  cementing  of  the  canal  was  prosecuted 
during  the  first  three  months  of  the  year  1893  and  was  completed  in 
time  for  irrigation.  Pipe  lines  were  placed  on  Monroe  and  Gibson 
streets  and  laterals  were  laid  to  about  800  additional  acres  of  land. 
An  improved  hydrant  and  hydrant  box  were  adopted — the  latter  being 
formed  of  cement — and  attached  to  all  of  the  irrigation  laterals  and 
flumes  that  were  put  in  during  that  year;  in  cases  where  new  boxes 
were  needed  elsewhere  the  improved  boxes  were  placed  on  the  old 
forms.  About  800  additional  acres  were  planted  to  oranges  and 
lemons  during  1893,  and  arrangements  were  made  during  the  latter 
months  of  that  year  for  the  cementing  of  certain  portions  of  the  canal 
south  of  flume  No.  10  in  the  same  manner  as  work  already  done,  but 
the  company  decided  this  time  to  do  the  work  under  its  own  supervi- 
sion. The  work  of  excavating  the  channel  behind  the  levee  was  also 
carried  on,  and  was  completed  as  far  as  the  finished  portion  of  the 
levee.  The  levee  was  extended  up  the  river  about  a  half  mile,  or  a 
considerable  distance  above  the  adjacent  wells.  No  additional  wells 
were  excavated  during  the  year. 

In  1894  the  work  of  cementing  the  canal  south  of  flume  No.  10  was 
proceeded  with  during  the  spring  months,  and  about  1,200  feet  imme- 
diately south  of  the  flume  and  Arlington^  avenue  were  cemented; 
water  service  was  added  to  about  200  acres  of  land,  which  were 
planted  the  same  year  to  orange  and  lemon  trees.  The  trenching  on 
the  south  side  of  the  river  was  continued  during  the  spring  of  that 
year,  and  at  a  distance  of  5,650  feet  (1.07  miles)  upstream  connection 
was  made  with  the  river.  The  river  water  owned  by  the  Riverside 
Trust  Company  was  diverted  into  this  new  channel,  and  the  whole 
supply  on  the  south  side  of  the  river,  including  the  wells,  was 
carried  through  the  channel  to  the  head  gates.  A  channel  on  the 
north  side  of  the  river  from  the  head  gates  upstream  was  also  com- 
menced and  a  large  portion  of  it  was  finished  that  year. 

During  the  years  1895  to  1898,  inclusive,  the  levee  in  the  river  bot- 
tom was  extended  and  added  to  from  time  to  time,  until  now  it  extends 
on  both  sides  of  the  river  a  distance  of  about  2  miles  upstream  from 
the  original  headworks. 

WATER  SUPPLY. 

The  water  supply  of  the  Gage  canal  system  is,  as  already  stated, 
largely  from  artesian  wells.  During  years  of  drought  the  supply  is 
wholly  from  wells.  The  number  of  wells  has  been  increased  from 
year  to  year,  as  the  demand  for  water  grew  and  as  the  old  wells 
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became  silted  up.  It  is  also  probable  that  the  extreme  drought  from 
1892  to  1900,  coupled  with  the  general  increased  demand  upon  this 
artesian  basin,  has  reduced  the  flow  of  the  wells.  Their  mainte- 
nance is  remarkable,  and  is  one  of  the  numerous  evidences  of  the 
vast  extent  of  the  supply. 

The  number  of  wells  in  the  Gage  system  and  their  output  are  as 
follows : 

Mlneni"  incheB. 

1887, 14  wells,  approximately 600 

FaU  of  1888,  26  wells 1,135 

Spring  of  1889, 27  wells 1,091 

October,  1892,  55  wells  ... 1,793 

June,  1899,  68  welis 1,440 

In  June,  1899,  55  of  the  68  wells  were  flowing  and  13  of  them  were 
not  flowing.  The  maximum  output  is  stated  by  the  company  to  have 
been  1,440  miners'  inches.  The  company  has  a  right  to  289.5  miners' 
inches  at  its  headworks  on  Santa  Ana  River,  but  during  recent  dry 
years  this  has  been  of  little  value.  On  June  20,  1809,  there  were  at 
that  point  12  miners'  inches,  and  on  February  21,  1900,  20  miners' 
inches.  The  Parish  ditch,  which  is  said  to  have  a  normal  flow  of  120 
miners'  inches,  is  now  dry. 

The  sources  of  wat«r  supply  to  this  canal,  including  the  right  to 
develop  additional  water  over  an  area  of  488  acres  forming  part  of  a 
block  of  water-bearing  land,  are  2,831  acres,  all  of  which  are  owned 
by  the  company.  In  1893  the  supply,  including  river  wat-er,  was  esti- 
mated as  follows: 

Miners'  iDcbes. 

Santa  Ana  River ..      289.50 

Arteeian  wells,  55  in  number,  measured  at  their  minimom  flow 

(October  10,  1892) 1,793.45 

Parisbditch -.        30.00 

Total.. 2,102.95 

The  artesian  wells  are  distributed  over  a  considerable  area,  but 
generally  extend  (for  a  distance  of  15,800  feet)  along  the  canal  bank 
and  the  river  bottom,  as  shown  on  the  map,  PI.  I. 

All  of  the  wells  were  driven  by  means  of  a  sand  pump  working 
inside  of  a  thick,  double  iron  casing  or  lining,  the  lining  l)eing  forced 
down  by  means  of  hydraulic  jacks  as  the  pump  continued  to  exca- 
vate. The  lining  is  of  ISTo.  10  or  No.  12  gage  iron,  in  two  thicknesses, 
so  that  it  can  be  built  up  and  made  continuous  by  inserting  inside 
and  outside  lengths  alternately,  each  length  being  2  feet  long  and 
breaking  joint  in  the  center.  The  casing  fits  so  exactly  that  in  a 
short  time  the  lining  becomes,  by  oxidation,  water  tight,  at  least 
sufficiently  so  for  the  purpose. 

As  already  stated,  in  the  spring  of  1889  Prof.  E.  W.  Hilgard,  of  the 
University  of  California,  made  an  examination  of  the  artesian  water 
supply  of  the  Gage  canal  system  for  the  Home  Life  Insurance  Com 
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pan}',  of  San  Francisco.  lie  was  given  exceptional  opportunities  for 
an  exhaustive  study,  and  his  report,  which  is  of  general  interest,  is 
freely  quoted  from  below.  He  states  that  the  water  supply  at  that 
time  (April,  1889)  was  as  follows: 

Miners*  incben. 

Supply  from  37  wells  .. . .1,091 

Parish  ditch 157 

Water  right  in  Santa  Ana  River 289 

South  Side  ditch  (estimated)   ...   75 

Total.. .  ...  1,612 

On  June  30,  1808,  there  was  flowing  in  the  Gage  canal  at  Palm 
avenue  a  total  of  1,313  miners'  inches;  on  June  20,  1890,  1,273 
miners'  inches;  and  on  February  21,  1900,  1,120  miners'  inches.  A 
reference  to  the  table  of  rainfall  on  page  17  will  show  that  the  last 
eight  years  have  been  years  of  unusual  drought,  and  that  the  season 
of  1888-89  was  in  a  group  of  w^et  years.  These  wells  have,  therefore, 
maintained  their  supply  in  the  face  of  the  drought  and  in  spite  of  the 
fact  that  the  underground  gravel  reservoir  has  been  heavily  drawn 
upon  by  other  sources.  (See  general  discussion  of  water  supply, 
page  36.) 

The  following  extracts  are  made  from  Professor  Hilgard's  report: 

The  bulk  of  the  supply  of  the  Gage  Canal  is  at  present  from  artesian  wells,  of 
which  there  are  42  on  the  Victoria  tract.  On  the  •*  water  tract "  pro;  er  there  are  27 
now  flowing  or  ready  to  flow.  These  wells  are  located  in  four  grronps.  designated  by 
the  letters  of  the  alphabet,  from  A  to  O.  The  lettering  for  these  groups  of  wells 
is  that  adopted  in  the  State  engineer  s  report  on  irrigation  n  southern  California. 
The  difference  in  the  number  of  wells  forming  the  several  groups  and  the  increased 
supply  of  water  are  due  to  the  boring  of  additional  we  Is  since  the  St«te  engineer's 
observations  were  made. 

The  wells  of  each  group  are  separately  numbered,  in  general  upstream  and 
counting  from  south  to  north.  The  following  data  show  the  number  of  each 
group,  distances  from  each  other  and  from  the  head  gate  of  canal,  and  the  meas- 
ured flow  of  each  well  in  miners'  inches  of  4-inch  pressure,  the  measurement 
usually  adopted  in  soutl^ern  California. 

CJKOUP  A. 

Si.K  wells  in  line  along  the  canal,  the  nearest  being  2,400  feet  from  the  head  gate, 
and  the  total  distance  from  No.  1  to  No.  6,  1,665  feet. 

Measurements  of  wells  in  grotip  A, 


Distance 

Number  of  well. '^Xwt 

I  above. 


Feet. 

1 ,  249 

2 304 

3 '  323 

4 !  722 


Diame- 
ter of 
])ipe. 


Inches. 
10 
10 
10 
10 


Di»charge. 


Miners" 
inches. 
36 
68 
35 
18 


I 


Number  of  well. 

Distance 

from 

well  next 

above. 

Diame- 
ter of 
pipe. 

•1 

Feet. 
67 

Inches. 
7 

7 

tt 

Total 

Discharge. 


Miners" 
flncft<«L 


57 
46 


300 


I 
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OBOUP  B. 


Six  wells  oocnpying  au  area  of  somewhat  less  than  an  acre  (3,900  square  feet), 
distance  1,200  feet  from  the  head  gate  in  a  northwest  direction;  distance  from 
(center  of)  gronp  C,  3,276  feet. 

Measurementis  of  wells  in  group  B. 


Number  of  well. 


1 

3 
4 


Distance 

from 

well  next 

above. 


Feet, 
15 
15 
40 
50 


Diame- 
ter of 
pipe. 


Diflcharfce.  Nnmber  of  well. 


Inches. 


7 


Miners'' 
inches. 
28 
17 
36 
99 


I  Distance 
I     from 
well  next 
I  above. 


Diame- 
ter of 
pipe. 


2! 


5. 
6. 


Total. 


Feet. 
40 


Inches. 
7 

7 


Discharge. 


Miners* 
inches. 


63 
20 


225 


GROUP  c. 

Consisting  of  four  weak  wells,  all  with  7-inch  pipe,  among  the  first  bored,  and 
left  as  they  are  at  an  average  depth  of  about  110  feet  on  account  of  difficalties 
encountered  in  the  cobble  layer  at  bottom,  for  overcoming  which  suitable  tools 
were  not  then  at  hand.  The  wells  are  between  10  and  18  feet  apart  only,  and 
yield  from  7  to  12  inches  of  water  each;  total,  35  inches.  One  good  10-inch  well 
would  probably  give  better  resulta  tha.a  the  four  small  ones. 

This  group  is  distant  4,550  feet  northeast  from  group  B  and  3,100  feet  from  tie 
center  of  group  D.    Area  actually  occupied.  360  square  feet. 

GBOUP  D. 

This  group  consists  of  11  wells  (all  with  10-inch  pipe),  ranging  in  depth  from 
1 10  to  160  feet.  Nine  are  located  on  the  south  side  of  and  mostly  quite  near  to  the 
river  bed;  two  are  near  the  north  bank,  one  being  in  the  present  bed.  The  dis- 
tance between  the  centers  of  groups  A  and  B  is  about  5,800  feet:  between  D  and  B. 
4,400  feet.  The  elevation  above  group  B  is  about  18  feet;  above  group  A,  81  feet. 
Area  actually  occupied  by  the  group,  17  acres. 

Measurements  of  wells  in  group  D, 


Xumber  of  well. 

Distance 

from 
well  next 

above. 

Discbarge. 

1 

2 

Feet. 

80 
687 
117 
139 
566 
315 

42 

Miners' 
inches. 
51 
51 

3 

43 

4 

55 
82 
65 
35 

5  

6 

Number  of  well. 


8 

9 

10 

11 


Total 


Distance 

from 
well  next 

above. 


Feet. 
440 


300 


Discharge. 


Miners'' 
inches. 


22 
37 
56 
74 


571 


All  the  measurements  recorded  above  correspond  to  the  condition  of  the  wells 
about  thirty-six  hours  after  all  had  been  un:':apped  and  had  been  running  their  full 
streams. 

This  point  is  of  some  importance,  because  measurements  made  immediately  or 
soon  after  uncapping  a  well  that  has  been  closed  for  some  time  show  at  first  a  con- 
siderably larger  dscharge,  evidently  due  to  accumulated  pressure,  or  what  might 
be  called  a  ''local  head,"  requiring  some  time  to  run  down  to  the  nominal  dis- 
charge. 

IRK  59—02 6 


82  WATER   IN   SOUTHERN    CALIFORNIA,  PART   I.  [n'o.59. 

DEGREE  OP  INTERDEPENDENCE  OF  WELL.9. 

The  extent  to  which  the  diHcharge  of  any  well  or  group  of  wells  is  inflnenced  by 
that  of  others  situated  at  a  greater  or  less  distance  is  a  question  of  great  practical 
interest,  since  upon  the  answer  depends  the  aggregate  amount  of  water  to  be 
expected  from  further  developments  on  the ''water  tract '' by  boring  additional 
welJs.  I  have  tested  the  point  in  a  variety  of  ways,  the  more  important  being  the 
following: 

( 1 )  Well  No.  6  in  group  6  has  for  some  time  past  remained  capped,  with  an  inch 
pipe  carrying  the  water  to  a  dwelling  house  some  300  yards  away,  the  water  reach- 
ing the  level  of  26  feet  above  the  casing  when  a'.l  the  other  wells  of  the  group  are 
capped.  It  was  found  when  all  the  other  wells  are  uncapped  the  water  level  at 
the  house  falls  about  3  feet  7  inches.  As  stated  above,  the  total  flow  of  the  wells 
of  this  group  is  225  inches;  that  of  No.  6, 20  inches.  It  is  distant  only  40  feet  from 
well  No.  5,  having  a  flow  of  63  inches,  and  all  the  rest  of  the  group  lie  within  130 
feet.  Yet  the  measurement  shows  th:it  the  opening  or  shutting  down  of  a  flow  of 
205  inches,  or  more  than  ten  times  the  amount  of  the  flow  of  No.  6,  influences  its 
head  to  the  extent  of  not  quite  14  per  cent,  or  three-quarters  of  1  per  cent  of  the 
total  discharge  of  the  group. 

(2)  Well  No.  2  of  group  D  had  been  steadily  running  for  upward  of  a  year,  all 
the  rest  of  the  group,  as  well  as  those  of  groups  B  and  C,  being  closed.  It  was 
then  discharging  about  61  inches.  After  nine  other  wells  (Nos.  3  to  11,  inclusive) 
had  been  uncapped,  No.  2  was  found  to  have  decreased  to  57  inches  in  the  course 
of  about  three  hours.  On  opening  No.  1,  within  80  feet  of  No.  2,  its  flow  fell  off  to 
55  inches,  and  forty-eight  hours  afterwards  it  had  reached  its  minimum  flow  of 
48.4  inches,  which,  however,  five  hours  after  was  found  to  have  risen  a^ain  to  51 
inches,  the  figure  adopted  in  the  table  above.  Such  fiuctuations  of  a  few  inches 
appeared  of  measurements  made  at  different  times  of  the  day,  in  almost  all  cases 
of  strong  flow,  possibly  as  the  result  of  barometric  variations  or  other  diurnal 
x^auses. 

It  will  be  seen  that  in  the  case  of  this  well  the  letting  loose  of  520  inches  of  water 
within  an  area  of  17  acres  immediately  adjacent  caused  a  decrease  of  the  flow  it 
had  when  running  by  itself  of  only  10  inches,  bein^  a'^out  one-sixth,  or,  say,  17  per 
cent,  of  its  maximum  flow  when  all  the  rest  were  closed,  or  1}  x>^  ce^^  of  the  total 
discharge  of  the  group.  It  will  be  noted  that  this  is  very  nearly  the  same  ratio  as 
in  the  case  of  well  No.  6  in  group  B  reported  above. 

(3)  After  the  wells  had  all  reached  a  state  of  sensibly  normal  discharge,  groups 
G  and  D,  with  their  aggregate  discharge  of  606  inches,  were  shut  down  about  5 
p.  m.,  in  order  to  observe  the  effect  on  other  groups. 

Group  B  was  measured  at  10  p.  m.,  and  was  found  to  be  discharging  211  inches. 
Six  hours  before,  when  all  the  other  wells  were  still  open,  the  flow  was  205  inches, 
thus  showing  an  increase  of  6  inches,  possibly  caused  by  the  shutting  down  of  an 
aggregate  of  606  inches  at  the  average  distance  of  about  a  mile.  This  is  a  very 
slight  effect  at  best,  being  less  than  1  per  cent  of  the  total  amount  shut  off,  or 
three-fourths  of  1  per  cent  of  the  total  discharge  concerned,  and  less  than  3  per 
cent  of  the  discharge  of  the  five  open  wells  of  the  group.  But  the  fact  that  on 
the  morning  of  the  same  day  these  wells  stand  credited  with  a  discharge  of  215 
inches  renders  it  even  doubtful  that  the  shutting  down  of  groups  C  and  D  caused 
the  observed  increase,  and  that  it  was  not  merely  due  to  diurnal  variations  referred 
to  above  and  known  to  exist.  Unfortunately  my  time  did  not  permit  of  the  con- 
tinuation of  the  observations  so  as  to  settle  this  point  definitely. 

(4)  On  the  following  day,  eighteen  hours  after  the  shutting  down  of  all  the 
other  groups,  representing  an  aggregate  of  831  inches,  at  an  average  distance  of 
about  5,000  feet,  group  A  was  remeasured.  It  was  found  that  the  discharge  of 
well  No.  1  had  decreased  from  36  to  29  inches,  evidently  in  consequence  of  being 
loaded  down  with  a  quantity  of  gravel  that  had  slid  in  from  above,  the  pipe  having 
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sunk  below  the  gronnd  level.  In  the  rest  of  the  group  (Nos.  3  to  6)  there  had 
been  an  increase  over  the  discharge  observed  in  the  afternoon  of  the  previous  day 
from  224  to  233  inches,  a  difference  of  9  inches  in  the  total  discharge  of  the  group, 
or  4  per  cent  of  its  volume,  but  only  a  little  over  a  third  of  1  per  cent  of  tbe  total 
discharge  concerned. 

(5)  A  striking  proof  of  the  relative  independence  of  these  wells  of  one  another 
when  situated  at  reasonable  distances  auart  is  found  in  the  '*  local  head/'  or  accu- 
inulation  of  pressure  that  takes  place  so  soon  as  an  individual  well  Is  shut  down. 
When  measured  immediately  after  uncapping,  a  well  that  has  remained  closed  for 
some  time  is  found  to  discharge  from  15  to  17  per  cent  (in  the  large  wells)  more 
than  its  normal  flow,  to  which  it  settles  down  after  a  lapse  of  from  twenty  to 
thirty  hours.  This  accumulation  and  slow  running  down  proves  conclusively 
that  we  have  here  to  do,  not  with  an  ordinary  hydrostatic  column,  but  with  a  mass 
of  water  so  subdivided  by  the  closely  packed  materials  intervening  between  the 
vents  made  by  the  auger  and  in  the  interspaces  in  which  the  water  is  stored  that 
a  rapid  transmission  of  pressure  is  not  possible,  and  that  the  laws  of  hydraulics 
and  friction,  rather  than  those  of  hydrostatics,  must  he  held  to  govern  the  discharge. 
Moreover,  it  proves  that  hundreds  of  inches  of  water  discharge  bear  but  a  very 
small  ratio  to  the  total  supply  that  lies  behind  these  artesian  fountains. 

The  nature  of  these  materials  as  disclosed  by  the  auger  or  sand  pump  is  found 
to  be  gravel  (ranging  from  pea  size  up  to  cobbles  of  greater  diameter  than  even 
the  10-inch  pipes),  tightly  packed  with  sand  of  various  degrees  of  fineness.  Cob- 
blee  nearly  filling  the  pipes — over  7  pounds  in  weight— have  in  several  instances 
been  ejected  by  the  water  pressure  from  some  of  these  wells.  The  character  of 
these  cobbles  can  not  be  mistaken;  they  represent  the  same  rocks  that  have  been 
and  are  now  being  brought  down  from  the  Santa  Ana  and  Mill  Creek  canyons  at 
the  head  of  the  valley,  where  a  wilderness  of  the  same  materials  (ranging  all  the 
way  from  fine  sand  up  to  bowlders  of  5  feet  in  diameter)  cover  many  square  miles 
of  snrf ace  and  are  shown  in  every  break  of  the  country.  There,  as  well  as  in  the 
borings,  occasional  sheets  or  strata  of  clay  or  other  impervious  materials  alternate 
with  the  gravel  and  cobble  dei>osits,  and  with  the  penetration  of  each  such  clay 
layer  additional  water  pressure  is  obtained  in  the  wells.  The  sources  of  Warm 
Creek,  the  Parish  Ditch,  and  of  such  outflows  as  "  Hunt*s  Spring"  doubtless  indi- 
cate the  termination  or  tbe  perforation  from  some  cause  of  such  impervious  water- 
shedding  strata  not  far  from  the  surface. 

On  page  23  is  an  analysis  of  water  from  wells  in  groups  A  and  D  of 
this  system. 

In  October,  1892,  the  owners  of  tbe  Gage  canal  system  conducted 
a  series  of  experiments  on  55  artesian  wells  and  obtained  results  at 
variance  with  the  previous  experiment.  *"  The  numbers  indicated  in 
the  first  column  of  the  table  correspond  with  numbers  on  PL  I  and 
show  the  locations  of  the  wells.  The  third  column  of  the  table  gives 
the  distance  to  the  nearest  well,  the  fourth  column  the  static  pres- 
sure, in  feet,  when  each  well  is  closed.  The  fifth  column  (final  meas- 
urement, reduced  to  miners'  inches)  gives  the  amount  of  water  that  each 
well  was  flowing  at  the  end  of  the  experiment,  when  all  of  the  wells 
following  it  in  the  table  were  open.  For  instance,  when  well  No.  115, 
which  corresponds  to  well  No.  1  of  the  Gage  Canal  Company's  num- 
bering, was  open  and  all  of  the  other  wells  were  closed  its  discharge  was 
in  both  instances  5  miners'  inches.     When  well  No.  116  was  open  and 

»This  is  probably  due  to  the  more  complete  development  of  the  entire  aapply  by  the  Gage 
Canal  Comxwny  and  others. 
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all  of  the  other  wells  were  closed  its  discharge  was  46  miners'  inches; 
but  when  all  other  wells  following  in  the  list  were  open  its  discharge 
was  32.5  miners'  inches.  The  seventh  column  gives  the  percentage  of 
decrease  in  the  flow  of  this  particular  well  under  the  foregoing  condi- 
tions. The  eighth  column  gives  the  cumulative  number  of  the  origi- 
nal measurement,  in  miners'  inches.  In  other  words,  it  is  the  sum  of 
the  flow  of  any  well  and  of  all  of  the  wells  pi-eceding  it  in  the  table, 
on  the  basis  of  one  well  alone  being  open.  For  example,  w^ell  No.  115 
being  open  and  all  of  the  other  wells  closed,  it  flows  5  miners'  inches. 
"Well  No.  116  being  open  and  all  of  the  others  closed  it  flows  46  miners' 
inches.  Then  the  cumulative  number  of  the  original  measurement, 
in  miners'  inches,  corresponding  to  well  No.  116  would  be  the  sum  of 
these  two  volumes,  or  51  miners'  inches.  The  ninth  column  gives  the 
cumulative  number  of  final  measurements,  in  miners'  inches,  which  is 
the  sum  of  the  discharge,  on  the  basis  of  the  other  wells  all  flowing; 
as,  for  instance,  in  the  case  of  well  No.  116,  when  the  other  wells  are 
open  it  would  discharge  32.5  miners'  inches,  which  added  to  the  dis- 
charge of  well  No.  115  gives  a  total  for  the  two  wells  of  37.5  miners' 
inches.  The  tenth  column  gives  the  percentage  of  decrease  at  each 
point  of  comparison  between  the  seventh  and  eighth  columns.  Thd 
last  column  of  the  table  gives  the  temperature  of  the  wat^r. 

Fifty-five  wells  are  considered  in  these  experiments,  and  while  the 
total  volume  of  water  obtained  increased  as  more  wells  were  opened, 
the  aggregate  flow  is  not  so  great,  by  52  per  cent,  as  the  sum  of  the 
flow  of  all  of  the  individual  wells. 

From  the  foregoing  it  will  be  seen  that  in  this  particular  instance  a 
gain  was  made  by  boring  as  many  as  55  wells,  but  it  is  also  indicated 
that  the  number  of  wells  could  not  be  increased  indefinitely  at  a  finan- 
cial profit. 

Table  ahoioing  effect  of  opening  and  closing  neiglxboring  artesian  tcells  of  the  Gage 

canal  systenu" 


u 

9 

«M 

^* 

0 

k 

Quadrangle. 

p 

» 

a 

9 

'O 

^ 

O 

Ban  Bernardino 

115 

1 

Do 

11(3 
117 
118 
119 

2 

Do 

8 

Do 

4 

Do 

o 

Do 

12() 

« 

Do 

l:Jl 

V^2 

4 

Do 

8 

Do 

124 
l:J5 

9 

Do 

10 

Do 

1       11 

Mine  r«'  j  Min  ers' 
inches. ;  inchfs. 

5.  m. 


33. 5()| 

29.  (X) 

41.25 

3.  W 

45.00 

13. 75 

21.  (X> 

3.  .50 

3.25 

24.50 


5.001 
46.(1)! 
37.00 
48.75 

3. 50 
51.  75 
27.50 
46.  (N) 

9.75 

6.00 
58.00 


cent. 
0 

30; 

'» 

13 
50 
55 
(M 
46 
58 


Minera* 

inches. 

5.00 

51.00 

88.00 

im.  75 

140.25 

192.00 

219.50 

265.50 

275.25 

281.25 

339.25 


Miners' 

inches. 

6.00 

37.50 

66.50 

1(^7.75 

111.25 

156.25 

170.00 

191.00 

194.50 

197. 75 


cent, 
0 
27 

2U 

21 

19 

23 

28 

29 

30 

35 


grreJL 
75.0 
74.0 
74.0 
74.0 

rao 

74.0 
70.0 
70.0 
70,0 
6K.b 
67.0 


»  Courtesy  of  W.  Irving,  engineer  of  Qage  canal  system. 
*>  These  are  the  numbers  shown  on  PL  I. 
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DIVERTING  DAM. 

The  river  water  is  diverted  into  tbe  c-aiiHl  by  means  of  temporary 
brush  and  sand  dams,  which  are  renewed  eacli  year;  but  owing  to  the 
natural  conditions  in  the  river  bottom  the  renewal  is  a  work  of  small 
expense  compared  with  the  cost  of  permanent  worlis  sufficient  to  with- 
stand the  action  of  floods,  which  sometimes  exceed  2,000  cubic  feet 
per  second  over  a  bed  composed  of  sand  and  gravel  several  hundre<l 
feet  in  depth.  In  a  few  hours  after  the  river  reaches  its  maximum 
discharge  it  recedes  to  its  normal  flow,  when  the  whole  of  it  can  if 
ueceasary  be  diverted  into  the  canal  by  throwing  up  an  embankment 
of  sand  a  few  inches  above  the  water  surface. 
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HEAD   GATES. 


The  head  gates  are  strongly  constructed  of  heavy  timbers  and  have 
three  sets  of  regulating  gates,  opened  by  means  of  ratchets  and  pin- 


FiG.  3.— Plan  showing  arrangement  of  head  gates  of  Gage  canal. 

ions,  one  set  being  sand  gates  for  the  discharge  of  the  surplus  water 
and  the  moving  sand.     (See  fig.  3.) 
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The  water  discharges  out  of  the  head  gates  into  a  settling  basin, 
from  which  it  is  measured  over  a  weir  into  the  canal.  Figs.  3,  4,  and 
5  show  the  head  gates  and  the  measuring  weir.  In  connection  with 
the  weir  there  is  an  automatic  register  by  means  of  which  a  record  is 


.  n  , 
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Pio.  4.— Section  of  headworks  of  Gkige  canal,  on  line  A-B  of  flff.  3. 

made  of  the  amount  of  water  flowing  into  the  canal  at  all  tinies  during 
the  irrigation  season. 

In  addition  to  the  automatic  register  there  is  an  automatic  electric 
alarm  by  means  of  which  high  and  low  water  during  the  night  are 


nvpf 
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"     unn^weir 

meas^weir 

Pio.  5b— End  elevation  of  measuring  weir  on  Gage  canal,  showing  end  elevation  of  outlet  gates 

beyond. 

made  known  to  the  attendant.  The  cylinder  on  which  the  changes 
are  traced  receives  its  motion  from  a  clock  movement  and  makes  one 
revolution  in  seven  days. 

The  weir  over  which  the  water  is  measured  is  23  feet  long.  The 
canal  at  the  weir  is  24  feet  wide  and  serves 
as  a  settling  basin  for  the  moving  sand, 
which  at  times  causes  trouble.  For  a  dis- 
tance of  a  few  hundred  feet  from  the  head 
gates  the  banks  of  the  canal  are  lined  with 
wooden  sheeting,  gradually  narrowing  from 
a  width  on  the  bottom  of  24  feet  at  the  head 
gates  to  10  feet  where  the  cemented  portion 
begins.  From  that  point  for  a  distance  of 
2,950  feet  the  canal  gradually  rises  from  the 
river  bottom  proper  to  the  plain  of  the  first 
mesa  lands  and  to  flume  No.  1,  over  a 
small  local  arroyo;  thence,  at  a  distance 
of  8,500  feet,  through  the  same  mesa  lands  to  flume  No.  2,  over  a 
small  creek;  thence,  at  a  distance  of  15,650  feet,  through  the  mesa 
lands  to  tunnel  No.  1  and  the  base  of  a  range  of  foothills;  thence,  at 
a  distance  of  21,050  feet,  by  a  series  of  tunnels  and  along  the  face  of 
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Fig.  6.— Section  of  tunnel  Na  1^ 
in  earth,  of  Gage  canal  system. 
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the  foothills  to  flume  No.  3.  A  section  of  tunnel  No.  1  is  shown  in 
fig.  6.  The  canal  continues  along  the  bluffs  in  a  series  of  tunnels, 
fills,  and  flumes  Nos.  4,  5,  and  6  until  it  passes  onto  the  upper  plains 
at  a  distance  of  27,200  feet.  From  that  point  it  follows  the  natural 
contour  of  the  land,  crosses  an  arroyo  by  means  of  flume  No.  8  (flume 
No.  7  heing  now  a  fill),  and  at  a  distance  of  45,600  feet  from  its  hea<l 
it  passes  through  the  projecting  point  of  a  foothill  by  means  of  a 

tunnel,  and  then  continues  along  the  natural 
contour  to  flume  No.  9,  over  Terquisquite 
Arroyo,  at  a  distance  of  62,800  feet,  or  11.0 
miles;  then,  by  means  of  flumes,  fills,  and 
cuts,  it  crosses  the  arroyo  between  the  foot- 
hills and  follows  the  natural  contour  of  the 
land  to  the  end,  the  total  length  being 
106,444  feet,  or  20.16  miles. 


CEMENT  LINING. 


Fio.  7.— Section  of  tunnel  in  rock 
on  Gage  canal  system. 


Generally'  the  slope  of  the  sides  of  the 
canal  is  4  perpendicular  to  3  horizontal. 

From  the  head  gates  to  flume  No.  10  the 
canal  is  lined  with  masonry,  as  are  also  all  tunnels  and  Alls,  to  a  depth 
of  5  inches,  and  then  is  plastered  with  cement  mortar;  the  remaining 
I>ortions  are  lined  with  cement  plast/cr  to  a  thickness  of  three-fourths 
of  an  inch.     Of  the  whole  length  of  the  canal  (20.16  miles)  14,5  miles 
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Fio  R.— Plan  of  Imlkbead  and  orchard  lateral  connection  on  Gage  canal  system. 

are  lined  with  cement.  Most  of  this  work  was  done  during  the  winter 
months  from  1801  to  1804,  and  at  an  average  cost  of  1^1.50  per  foot,  or  a 
total  cost  of  $114,135.  While  it  can  be  said  that  this  cement  lining  has 
not  stood  well,  it  can  also  l>e  said  that  it  has  stood  tetter  than  was 
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expectetl  iimlpr  the  conditious.  When  in  increasing:  the  capacity  of 
a  channel  it  is  aqnestion  of  spending  875,000  in  one  case  and?200,000 
in  the  other  case,  and  saving  an  important  i>ereentage  of  irrigation 
water,  it  maybe  excusable  to  take  some  risk.  Large  surfaces  of 
eemoTit  coating  three-fourths  inch  thick  can  not  be  expected  to  stand 
much  strain  under  the  action  of  storm  waters,  and  it  is  to  this  action 
that  nearly  all  ruptures  of  the  coating  are  due.  Had  there  l>een 
int-ervals of  time  during  recent  dry  years  to  close  the  canal  for  repairs 


FtO.  9.  ^Croai  nectloii  or  bulkhead  and  orch&rd  UMral  on  Qage  unal  Bratem.  on  line  C-D  of  Og,  S. 

its  ^^ndition  would  be  much  better.  No  repairs  have  been  made 
(hiring  the  last  four  years,  and  the  estimated  cost  of  a  thorough  reno- 
vation is  less  than  *1,000,  whicli  spread  over  four  years  is  only  a 
fraction  of  1  per  cent  of  the  original  cost. 

The  cross  section  of  tiie  canal  varies  with  the  distance  from  the 
head  gates.  The  bottom  width  below  the  head  gates  is  10  feet,  as 
already  stated,  which  is  gradually  reduced  to  (J  feet  at  flume  No.  10; 
from  that  point  to  near  the  end  the  width  is  5  feet.  The  canal  has  a 
nnifonn  depth  of  i  feet  throughout  its  entire  length. 


n  Gage  canal  ajiaCem.  on  line 

The  total  length  of  tunnels  is  5,250  feet.  Where  they  pa.ss  through 
earth  formation  the  bottom  and  sides  ai-e  lined  with  conci-ete  masonry 
and  the  roofs  are  heavily  timltered. 

The  total  length  of  flumes  is  4,0lXt  feet.  All  are  strongly  framed, 
rest  on  masonry  foundations,  and  have  i-etaining  walls  and  founda- 
tions at  each  end  whei-e  they  connect  with  the  olher  parts  of  the  canal. 

CAPACITY. 

The  capacity  of  the  canal  at  various  localities,  as  stAte<l  by  the 
engineer  of  the  conii«ny  in  1899,  is  as  follows: 

Ulners-  inrhn. 

Canall. 5  miles  from  headworhs 9,040 

Tnnnel  3  miles  from  headworhs ,- - 4,630 

Flame  4  milM  from  headworks 4,370 
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Weir  .1.7  miles  from  headworks 2,215 

Flnme  7.5  miles  from  heudworka 4,060 

Flame  11.9  miles  from  headworks 3,lfl6 

Canal  13.3  milea  from  headworks 4.375 

Flame  14.75  ml  le«  from  head  trorka 3,4SQ 

Flame  18.5  milw  from  beadworks 8,350 

Pipe  line  <13-iDcfa)  to  San  Jacinto  Land  Companj  ftom  south  end 

ofcanal    - 346 


1. 13.— LonKitadlDiil  BOCtioi 


on  OA^e  cadaI  syBtein. 


In  18*.l!t  the  upper  section  of  the  canal  was  carrying  1,440  mint^rs' 
inches;  at  the  lower  end  of  the  middle  section  there  were  742  miners' 
inches,  while  at  the  extreme  aoutherly  end  of  the  cAnai  the  San  Jacinto 
Laud  Company  was  taking'  oat  through  its  pipe  line,  for  the  supply  to 
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530  acres  under  cultivation,  all  of  the  water  remaining  in  the  canal, 
viz,  about  106  miners'  inches,  or  1  miners'  inch  to  each  5  acres.     This 


aoo  ....... 


Fro.  18.— Section  of  flame  and  trestle  on  Oage  canal  system. 


•^ /4.00 


M 


troo- 


Fio.  14.— Ooss  sections  of  Gage  canal:  a,  386  feet  from  head;  b,  1.60  miles  from  head;  c,  8  miles 
from  head;  d,  8.56  miles  from  head;  e,  18.60  miles  from  head;  /,  at  terminus. 

duty  of  1  inch  to  5  acres  was  then  and  still  is  in  force  on  all  culti- 
vated lands  under  the  Gage  canal.  The  canal  gave  nearly  the  full 
wat-er  supply  to  its  underlying  lands  during  the  drought  of  1897-1900. 
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The  following  table  gives  the  value  of  the  hydraulic  elements  in 
the  various  sections  of  the  canal. 

Table  showing  value  of  hydraulic  elements  in  sections  of  Gage  canal. 


1 

A. 

B. 

C. 

D. 

E. 

P. 

Difitance  from  head .  in  miles 

0.064 

.000413 

47.25 

19.80 

2.38 

.014 

121 

8,063 

1.62 

.00062 

4^.5 

19.1 

2.38 

.014 

121 

9,646 

3 

.00(1883 

33.25 

15.60 

2.13 

.014 

119 

5,635 

8.55 

.000*78 

33.67 

15.75 

2.13 

.014 

119 

6,380 

18.69 
.(KM 
26.68 

13.75 

1.94 

.014 

118 

4,375 

Slope 

0.0UO4 

Area  of  cross  section,  in  feet 

Perimeter  of  cross  section,  in 
square  feet 

23.18 
12.75 

Hyaranlic  mean  radins 

1.82 

Coe£F)cient  of  roughness 

.014 

Coefficient 

118 

Discharge,  in  miners'  inches 

3,6»6 

DIVERSIONS. 

East  Riverside, — About  30,000  feet  from  the  head  gat^s  the  first 
distributing  pipe  in  the  East  Riverside  district  connects  Mith  the 
canal,  and  from  that  point  to  flume  No.  9,  over  Terquisquite  Arroyo, 
distributing  pipes  enter  the  canal  at  intervals  of  about  one-fourth 
of  a  mile.  Throughout  this  whole  distance  metal  valves  inserted  in 
brickwork  are  provided  at  all  distributing  points.  (See  figs.  8,  0,  and 
10.)  The  distribution  system  is  under  command  of  an  officer  whose 
duty  it  is  to  subdivide  the  water  to  the  several  owners  in  atjcordance 
with  their  shares  and  with  the  by-laws  adopted  b}'^  themselves, 
through  their  representatives,  forjts  management  and  distribution. 
Fig.  11  shows  the  junction  of  canal  and  flume  generally  used  on  the 
Gage  canal  system. 

The  amount  of  land  served  by  the  canal  in  the  East  Riv^erside  dis- 
trict, extending  from  the  first  diversion  described  to  flume  No.  9,  its 
southerly  limit,  is  3,620  acres,  nearly'  all  of  which  is  now  under 
cultivation. 

Lands  served  by  Gage  canal  in  East  Riverside  district. 

Acres. 

Growing  oranges 8, 000 

Growing  lemons _ 40 

Growing  decidaons  fruits 40 

Growing  alfalfa 40 

Total  cultivated  area 3,120 

Uncultivated  area 500 

Total 3,620 

Arlington  Heights. — At  a  distance  of  71,900  feet  fi'om  the  head 
gates,  and  about  1^  miles  from  flume  No.  9,  the  lands  of  Arlington 
Heights  are  reached.  These  lands  are  subdivided,  by  streets,  at 
intervals  of  one-fourth  of  a  mile,  each  block  of  about  40  acres  being 
bounded  by  streets  and  the  block  again  subdivided  into  10-acre  lots. 
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The  total  acreage  served  by  the  canal  at  Arlington  Heights  is  a 
little  more  than  4,890  acres,  divided  as  follows: 

Lands  at  Arlington  Heights  served  hff  Gage  canal. 

Acres. 

Growing  orangee 2,200 

Growing  lemons 520 

Growing  grape  fruit 170 

Total  caltivated  area 2,890 

Cncoltivated  area   ,2,000 

Total  area  snbject  to  canal 4,890 

Pijye  line^. — The  distribution  of  water  is  by  means  of  steel  pipes 
carried  down  each  street  transverse  to  the  canal,  with  lateral  connec- 
tions to  each  10-acre  lot,  the  water  being  carried  to  the  highest  point 
and  furnished  with  a  hydrant  and  measuring  weir.  From  the  hydrants 
open  flumes  are  laid  along  the  highest  boundaries  of  the  lots,  from  which 
the  water  is  served  to  the  irrigating  furrows  between  the  trees.  At 
the  end  of  each  pipe  line  w^here  it  enters  the  canal  bulkhead  is  a 
regulating  valve  and  a  measuring  weir.     (See  figs.  8,  9,  and  10.) 

The  main  pipe  lines  on  the  streets  vary  in  diameter  fi-om  10  inches 
at  the  canal  to  6  inches  at  the  lowest  point.  The  greatest  pressure 
to  which  the  pipes  are  subjected  is  equal  to  a  head  of  164  feet,  or  70 
pounds  to  the  square  inch.  The  pipes  are  formed  of  riveted  steel 
plate,  Xo.  14  to  18  gage,  coated  with  an  asphaltum  preparation. 

On  the  distribution  system  of  Arlington  Heights  there  are  287 
hydrants,  or  an  average  of  one  hydrant  to  each  10  acres.  The 
hydrants  are  manufactured  by  the  Lacy  Manufacturing  Company,  of 
Los  Angeles,  from  a  special  design  by  Mr.  William  Irving,  engineer 
of  the  Gage  canal  system.  Hydrants  are  furnished  to  the  irrigators 
at  a  cost  of  $10  in  place.  Over  the  hydrant  is  set  a  cement  hydrant 
box,  which  is  made  by  the  Gage  Canal  Company  and  set  in  place  at 
an  expense  to  the  irrigators  of  $10  each,  which  represents  the  actual 
cost.  In  the  distribution  system  of  Arlington  Heights  there  are  the 
following  lengths  of  steel  pipe: 

4,800  feet  of  12-inch,  costing  66  cents  per  foot  laid. 
4,000  feet  of  10-inch,  costing  56  cents  per  foot  laid. 
86,500  feet  of  8-inch,  costing  47  cents  per  foot  laid. 
88,400  feet  of  6-incb,  costing  86  cents  per  foot  laid. 
147,200  feet  of  4-incb,  costing  26  cents  per  foot  laid 

This  represents  a  total  cost  of  ^02,(>G0  for  the  pipe  in  that  system. 

Detailed  data  pertaining  to  the  distribution  system  o^  East  River- 
side under  the  Gage  canal  can  not  be  obtained,  but  the  cost,  using  the 
Arlington  Heights  factor  of  acreage,  which  will  give  results  very  close 
to  the  correct  figures,  would  be  *102,000.  The  method  of  distribution 
for  East  Riverside  lands  under  the  Gage  canal  is  similar  to  that 
described  for  Arlington  Heights. 
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aScui  Jacinto  Land  Company, — The  following  lands,  which  are 
adjacent  to  the  south  and  west  boundaries  of  Arlington  Heights,  are 
served  by  the  Gage  canal  at  its  extreme  southwesterly  terminus: 

Ltinds  of  San  Jacinto  Land  Conijxiny  served  by  Ckige  canal, 

Acrea. 

Growing  oranges --   ... 452 

Growing  lemons - 60 

Growing  grape  fruit .  _ . 18 

Total  colt ivated  area J —  530 

Uncnltivated  area   120 

Total  area  subject  to  canal  650 

DUTY   OF   WATER.'' 

The  duty  of  water  under  the  Gage  canal  system  is  equal  to  1  miners' 
inch  to  each  5  acres  of  land,  continuous  flow.  Its  equivalent  is  0.02 
cubic  foot  per  second,  which  converted  into  the  form  of  an  equivalent 
annual  rainfall  equals  very  nearly  35  inches  depth  of  water  over  the 
whole  area  of  land.  As  the  periods  of  irrigation  are  generally  at 
intervals  of  one  month,  each  monthly  irrigation  is  equal  to  a  rainfall 
of  nearly  3  inches. 

Under  this  system  the  purchaser  of  land  becomes  a  shareholder  in 
the  canal  and  the  water  sources,  and  by  virtue  of  his  water  stock  has 
a  voice  in  the  management  of  everything  pertaining  to  the  water 
service.  The  management  consists  of  a  boai*d  of  directors  elected 
annually  by  the  owners  of  the  lands  and  the  stockholders  in  the  canal 
company. 

The  portions  of  the  by-laws  which  provide  for  the  issuance  of  stock 
carrying  water  rights  and  for  the  distribution  of  the  water  are  as 

follows: 

Article  V. 

CAPITAL  STOCK. 

Sec.  1.  The  board  of  directors  shall  cause  to  be  issued  certificates  of  stock  to 
subscribers  or  purchasers  of  stock  or  to  persons  with  whom  the  corporation  may 
bargain  or  contract  in  relation  to  the  purchase  or  use  of  water  or  water  rights  or 
property  of  any  kind  or  character,  and  shall  cause  such  stock  and  certificates 
thereof  to  be  issued  in  accordance  with  the  direction  of  any  of  theaboye-named 
persons;  and  thereafter  shall  cause  to  be  issued  to  stockholders  or  their  assignees 
certificates  of  stock,  in  accordance  with  law  and  their  articles  of  incorporation 
and  these  by-laws  and  rights  of  the  parties,  which  certificates  shall  be  signed  by 
the  president  and  secretary;  and  all  stock  (or  new  stock  issued  or  to  be  issued  in 
lieu  thereof)  sold,  bartered,  or  exchanged  for  the  purpose  of  purchasing  water  to 
be  supplied  to  or  flowing  in  the  canal  or  canals  v.sed  or  owned  by  the  corporation 
shall  have  attached  thereto  and  transferred  therewith  and  eyidenced  by  indorse- 
ment on  the  certificate  thereof  a  water  right  or  rights  to  the  use  of  water  delivered 
at  the  main  canal  in  continuous  flow  under  a  4-inch  pressure  in  the  proportion  of 
one-tenth  of  an  inch  under  said  pressure  to  each  share:  Provided,  That  the  board 
of  directors  shall,  in  their  discretion,  have  power  to  affix  to  such  water  rights  virhen 

*  Detailed  descriptions  of  the  use  and  duty  of  water  under  the  Qage  canal  system  are  given  in 
Bull.  86  U.  S.  Dept.  Agr.,  office  of  Experiment  Stations,  Pt.  1,  p.  74,  Pt.  II,  pp.  131-14S. 
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the  same  are  first  granted  snch  t«}rms  or  conditious  as  to  application  or  nse  of 
water  for  specific  purposes  as  they  may  contract  or  see  fit,  and  to  provide  that 
snch  conditions  shall  be  observed,  otherwise  sach  water  right  to  be  void,  but 
thereafter  snch  terms  or  conditions  shall  not  be  changed  except  by  consent  of  the 
stockholder  holding  snch  water  right:  And  provided  cdsto.  That  snch  water  right 
shall  be  subject  to  the  provision  of  the  articles  of  incorporation  in  that  behalf  and 
to  these  by-laws  or  any  amendments  thereof  and  to  the  rales  and  regulations 
whii'h  are  or  may  be  from  time  to  time  adopted  by  the  board  of  directors.  Cer- 
tificates of  stock  shall  not  be  issued  in  less  amount  than  one  share. 

Sec.  2.  No  transfer  of  stock  shall  be  binding  on  the  corporation  unless  duly 
entered  on  its  boolrs,  nor  shall  stock  be  issuable  until  the  owner  thereof  or  his 
daly  authorized  agent  shall  have  signed  a  receipt  therefor  on  the  stub  of  the  stock- 
ctrtificate  book  and  until  ail  the  previous  assessments  and  water  rates  as  pro- 
vided by  these  by-laws  and  the  articles  of  incorporation,  levied  thereo.i  according 
to  the  law  and  abcording  to  these  by-la  vs  and  the  articles  of  incorporation,  have 

been  fully  paid. 

Article  VIII. 

AS  TO   BY-LAWS. 

These  by-laws,  or  either  or  any  of  them,  by  section  or  article,  may  be  re^  ealed, 
amended,  or  added  to,  or  new  by-laws  adoptel  in  their  stead,  either  by  the  stock- 
holders at  any  meeting  thereof  or  by  the  majority  of  the  board  of  directors  at  auy 

meeting  thereof. 

Article  IX. 

MISCELLANEOUS. 

Sec.  1.  An  inch  of  water  in  these  by-laws  referred  to  is  defined  to  be  a  continu- 
ous flow  of  water  through  an  aperture  one  ( I )  inch  square  under  a  pressure  of  four 
(4)  inches,  measured  from  the  center  of  such  aperture  to  the  surface  of  the  water. 

Sec.  2.  Each  stockholder  is  entitled  to  water  in  continuous  flow,  or  its  equiva- 
lent, taken  monthly,  according  to  the  by-laws  and  regulations  of  the  corporation. 
Should  any  stockholder  desire  to  have  furnished  in  one  day  the  supply  of  water  to 
which  he  is  entitled  for  a  certain  number  of  days  not  to  exceed  thirty  days  (nor  in 
excess  of  the  capacity  of  the  distributing  pipe  or  pipes  to  his  land  or  lands),  he 
shall  give  the  corporation  at  least  four  days'  notice  of  such  desire  and  accept  the 
water  on  any  day  or  days  that  the  company  may  be  able  to  arrange  for  the  supply 
thereof. 

COST. 

The  cost  of  the  system  to  1893  is  as  follows : 

Cost  of  Oage  canal  system  to  1S93. 

Main  canal  and  connected  works,  including  rights  of  way $285, 000 

Distributing  pipe  lines  and  connected  works 70,000 

Artesian  wells 50.000 

Water  sources  and  connected  lands 175.000 

Total 580,000 

[For  index  see  end  of  Pari  II,  Water-Supply  and  Irrigation  Paper 
No.  CO,  which  contains  descriptions  of  the  East  Riverside  irrigation 
district,  the  Riverside-Highland  Water  Company,  and  the  lower  San 
BeiTiardino  Valley  above  Rincon,  also  complete  data  of  the  800  wells 
in  the  San  Bernardino  and  Redlands  quadrangles,  and  notes  con- 
cerning the  manufacture  of  Portland  cement  in  southern  California.] 
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DEVELOPMENT  AND  APPLICATION  OF  WATER  NEAR  SAN 
BERNARDINO,  COLTON,  AND  RIVERSIDE,  CAL. 

PART    II. 


By  JosBPH  Barlow  Lippincott. 


EAST  RIVERSIDE  IRRIGATIO:^  DISTRICT. 

The  lands  of  the  East  Riverside  Irrigation  District  are  4  miles  sonth 
of  the  city  of  Colton  and  4  miles  northeast  of  the  city  of  Riveraide. 
They  are  divided  into  approximately  equal  parts  by  the  boundary  line 
between  San  Bernardino  and  Riverside  counties,  and  vary  in  elevation 
from  about  900  feet  to  1,250  feet,  being  situated  on  the  mesa  and  bot- 
tom lands  on  the  south  side  of  San  Bernardino  Valley.  These  lands 
are  specially  adapted  to  the  growth  of  citrus  fruits.  The  district  was 
organized  under  the  Wright  irrigation  district  act,  and  has  had  fewer 
misfortunes  than  are  usual  with  similar  enterprises.  It  is,  however, 
endeavoring  to  disorganize.  The  total  area  of  lands  comprised  within 
its  boundaries  (3,100  acres),  250  acres  of  which  are  hilly  and  rough, 
being  partially  unfit  for  cultivation,  leaving  2,850  acres  of  first-class 
agricultural  land.  The  irrigation  district  and  its  pipe  line  are  shown 
in  PI.  I  (Part  I).  In  order  to  obtain  a  water  supply,  in  1892  the  irriga- 
tion district  purchased  from  Garner  &  McKenzie  65  acres  of  artesian 
lands  in  the  bottoms  of  Lytle  Creek  northeast  of  San  Bernardino. 
Three  wells  were  sunk  in  these  lands,  the  deepest  being  450  feet  and 
the  other  two  al>out  250  feet  each.  A  cut  was  also  run  in  the  cienaga 
upon  these  lands,  for  the  purpose  of  developing  water.  The  develop- 
ment during  that  year  (1892)  produced  100  minei-s'  inches,  or  2  second- 
feet,  at  a  total  cost  of  $5,997.  The  output  of  these  artesian  wells, 
which  are  referred  to  in  the  description  of  the  wells  of  San  Bernardino 
Valley,  is  given  in  the  table  on  page  36  (Part  I). 

In  1891  the  East  Riverside  Irrigation  District  purchased  a  24-inch 
pipe  line  from  Raynor  Springs,  about  Ij  miles  below  the  artesian  land 
of  the  district,  in  sec.  4,  T.  1  S.,  R.  4  W.,  situated  within  the  district. 
This  pipe  line  was  constructed  in  the  year  1889  by  the  Vivienda  Water 
Company,  for  the  purpose  of  serving  the  greater  portion  of  what  is 
now  the  East  Riverside  irrigation  district.     The  pipe  is  of  riveted 
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iron,  the  gage  ranging  from  No.  10  to  No.  14  Birmingham  standaiHl. 
The  maximum  pressure  per  square  inch  sustained  by  the  different 
sizes  as  the  pipe  was  constructed  was:  No.  14,  30  pounds;  No.  12,  71 
pounds;  No.  10,  110  pounds.  The  valley  hydraulic  grade  line  is  7  feet 
to  the  mile,  and  the  discharging  capacity  9  cubic  feet  per  second. 

After  the  consummation  of  the  purchase  by  the  district  the  pipe 
line  was  extended  8,100  feet,  to  the  wells  that  had  previously  been 
sunk.  The  upper  portion  of  the  pipe  is  of  steel.  No.  14  gage.  The 
reservoir  was  constructed  on  the  lands  purchased.  It  is  40  feet  by 
70  feet  on  the  l)ottom,  has  a  depth  of  5  feet,  and  is  cement  lined. 
Two  kinds  of  pipe  were  used  in  the  distribution  system — riveted  steel 
and  vitrified  clay.  In  1892  it  was  estimated  that  distribution  by  this 
means  would  cost  $16  an  acre. 

The  following  are  the  amounts  expended  in  the  construction,,  with 
the  value  of  the  assets,  the  purchase  of  the  24-inch  pipe  line  being 
included  in  both  statements,  which  are  taken  from  the  report  by  F.  C. 
Finkle,  engineer  for  the  district  in  1892: 

Expenditures. 

Purchase  price  of  Vivienda  pipe  line _ $100, 000. 00 

ExteiMion,  8,100  feet  to  Vivienda  pipe  line 23,642.87 

Two  lateral  pipe  lines __ __. If, Sftfc  10^ 

Reservoir  No.  2  (when  completed) 1, 210. 00 

Cost  of  sinking  three  artesian  wells _ _ . .        4, 497. 00 

Drainage  cuts  to  McKenzie  Spring 500. 00 

Total 132,141.97 

Value  of  assets. 

24-inch  conduit  as  extended $123, 642. 87 

Two  lateral  pipes 2, 292. 10 

Reservoir  No.  2 _ 1, 210. 00 

100  inches  (2  cubic  feet)  of  water,  at  $1,000  per  inch 100, 000. 00 

Total 227,144.97 

The  owners  of  the  Vivienda  Water  Company  claim  that  the  pipe 
line,  which  they  value  at  $100,000,  actually  cost  $120,160,  divided  as 
follows: 

Pipe-line  material  and  laying $96,000 

Trenching  and  back  filling 8, 000 

Right  to  suspend  line  on  motor  bridge 1, 000 

Bridge  across  Santa  Fe  Railroad  cut  on  Third  street .360 

Engineering  and  superintendence. 3, 400 

Three  miles  of  cement  ditch,  including  pipe  across  Little  Terquis- 

quite  Arroyo 11,400 

The  cement  ditch  lines  referred  to  were  also  transferred  to  the  irri- 
gation district. 
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RIVERSIDE-HIGHLAND  WATER  COMPANY. 

The  Riverside-Highland  Water  Company  is  a  corporation  organized 
FeiKiuuy  21, 1W8,  onder  tbe  huwB  of  California,  to  furnish  water  for 
domestic  purposes  and  the  irrigation  of  the  lands  of  whareholdere  sit- 
uated in  tliat  portion  of  the  East  Riverside  irrigation  district  in 
Riverside  County  which  is  known  as  Highgrove.  The  capital  stock 
was  $200,000,  divided  into  5,000  shares  of  $40  each.  The  policy  of  the 
company  is  to  furnish  an  abundance  of  water  to  irrigate  2,500  acres 
of  land  at  the  rate  of  1  miners'  inch  of  water  measured  under  a  4-inch 
pressure  for  each  5  acres  of  land  for  the  growing  of  citrus  orchards. 
Recently  the  company,  by  a  vote  of  its  stockholders,  reduced  its  cap- 
ital stock  to  $100,000,  divided  into  2,500  shares,  of  which  a  little  more 
than  2,300  shares  are  subscribed  for  and  more  than  50  per  cent  is 
paid  in. 

The  company  is  the  owner  of  157  acres  of  artesian  water-bearing 
lands  a  few  miles  north  of  Col  ton,  in  San  Bernardino  County,  from 
which  the  water  is  conducted  in  a  long  underground  cement  and  iron 
pipe  line  to  the  lands  of  its  stockholders  at  Highgrove,  a  distance  of  a 
little  more  than  7  miles.  On  these  water-bearing  lands  there  are  a 
number  of  deep  artesian  wells,  from  five  of  which  all  of  the  water 
now  used  by  the  eompUKy,  wBunluigi  to«  liiUa  uAce  than  300  miners' 
inches,  is  pumped  by  means  of  one  22-horsepower  gas  engine  and  two 
SO-horsepower  electric  motors,  the  electric  current  being  furnished  at 
a  cost  of  li  cents  per  hoi-sepower  per  hour  by  the  Redlands  Electric 
Light  and  Power  Company.  The  pumps  used  are  of  the  centrifugal 
type. 

The  company  does  not  know  how  much  water  its  lands  will  furnish, 
but  it  believes  that  it  has  an  abundant  supply.  It  is  now  furnishing 
sufficient  water  to  meet  all  the  demands  of  1,800  acres  of  both  old  and 
young  orchards,  and  so  far  no  one  has  hesitated  on  account  of  lack  of 
water  to  plant  orchards  in  the  territory  covered  by  the  company. 
The  water  is  delivered  to  consumers  on  demand  upon  the  payment 
of  a  toll  of  10  cents  per  miners'  inch  for  a  twenty-four  hours'  run. 
The  lands  watered  by  the  company  are  at  a  higher,. elevation  than 
those  watered  by  any  other  company  in  the  Riverside  district,  hence 
its  name.     The  orchards  watered  are  relatively  free  from  frost. 

The  East  Riverside  Irrigation  District  still  exists,  with  its  board  of 
officers,  but  is  not  operating  its  system,  the  Riverside-Highland  Water 
Company  supplying  water  to  such  portion  of  the  lands  as  the  owners 
have  become  stockholders  in  its  company,  also  to  other  lauds.  The 
landowners  within  the  East  Riverside  irrigation  district,  after  an 
effort  of  eight  years,  found  it  impracticable  to  carry  on  the  system 
under  the  act  of  the  legislature  popularly  known  as  the  Wright  act, 
owing  to  the  fact  that  the  act  provided  that  the  revenue  should  be 
raised  by  annual  taxation,  and  also  to  the  extreme  di  ffieulty  experienced 
in  collecting  the  taxes  thus  levied,  resulting  in  numerous  tax  sales 
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and  in  suits  to  restrain  the  execution  of  tax  deeds  by  the  owner  just 
before  the  expiration  of  the  redemption  period.  These  suits  were 
expensive  to  the  district,  in  many  instances  costing  moi'e  to  defend 
than  the  taxes  wei'e  worth  when  collected,  and  resulting  in  vexatious 
delays  and  appeals  tiO  the  higher  court.  When  no  redemption  was 
made  from  tax  sales  the  tax  deeds  were  executed  and  delivered  to 
the  district,  which  invariably  had  to  become  the  purchaser,  for  no 
private  person  would  venture  to  purchase  at  the  sales  for  fear  of 
expensive  litigation  to  protect  the  titles  procured.  In  this  way  a  1ai*ge 
tract  of  unimproved  land  owned  by  divers  and  sundry  |)ersons,  both 
residents  and  nonresidents,  became  conveyed  to  the  district,  and  while 
the  law  authorized  the  district  as  owner  to  sell  the  lands  at  their 
market  value,  no  purchaser  could  be  found  who  was  willing  to  buy 
them  under  the  titles  held  by  the  district.  The  lands  subject  to  taxa- 
tion diminished  every  year  to  such  an  extent  that  it  became  manifest 
that  the  entire  revenue  of  the  district  for  the  payment  of  its  obliga- 
tions— interest  on  bonds,  operating  expenses,  etc. — would  have  to  be 
met  by  the  few  landowners  who  were  faithful  in  paying  their  taxes; 
hence  the  landowners,  for  self-protection,  organized  the  Riverside- 
Highland  Water  Company  and  ceased  to  operate  as  the  East  Riverside 
Irrigation  District. 

liOWBR  SAN  BERNARDINO  VAIiliEY  ABOVE  RINCON. 

Santa  Ana  River  is  the  most  important  sti'eam  of  southern  Cali- 
fornia west  of  the  Coast  Range.  It  includes  among  its  tributaries  all 
of  the  streams  entering  San  Bemaitlino  Valley,  and  drains  a  total 
area  above  Rincon  of  1,463  square  miles,  including  valley  lands,  exclu- 
sive of  the  lands  tributary  to  Lake  Elsinore;  555  square  miles  of  the 
basin  are  mountainous.  San  Bernardino  Valley  proper  contains 
525  square  miles.*  There  is  a  secondary  coast  range  lying  along 
the  western  edge  of  the  valley,  through  which  Santa  Ana  River  cuts 
a  canyon,  beginning  at  Rincon,  which  is  the  railroad  station  of  Crary. 
These  hills  are  of  a  shale  and  sandstone  formation  of  more  recent 
geologic  origin  than  the  main  range  to  the  east,  and  constitute  a  dam 
or  dike  which  concentrates  and  thrdws  to  the  surface  most  of  the 
underflow  or  seepage  water  proceeding  through  the  valley  toward  the 
sea.  This  produces  a  greater  volume  of  water  in  the  river  at  Rincon 
during  the  irrigation  season  than  at  any  other  place  along  the  stream. 
During  the  summer  there  is  a  larger  body  of  water  flowing  at  Rincon 
than  at  any  other  place  in  California  south  of  the  Tehachapi  Moun- 
tains, except  in  Colorado  River. 

The  streams  surrounding  San  Bernardino  Valley  have  drainage 
basins  which  are  exceedingly  steep  and  are  poorly  supplied  with  forest 
cover.  The  basin  above  Rincon  is  of  granite  origin.  The  storms 
which  occur  in  southern  California  are  frequently  violent,  and  falling 
on  these  drainage  basins  produce  torrential  floods  which  rush  onto 

•For  details  of  these  drainage  areas  see  Part  I,  iMiges  51  and  fi& 
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the  plains,  carrying  lai^  quantities  of  granitic  detritus.  In  this  way 
San  Bernardino  Valley  has  been  built  up.  These  great  beds  of  gravel 
and  bowlders  have  a  high  percentage  of  voids,  the  porous  space  being 
probably  one-third  of  the  mass.  Consequently  the  floods  which  are 
projected  upon  the  plains  are  rapidly  absorbed,  and  the  great  under- 
ground reservoir,  with  a  controlling  outlet  at  Rincou,  the  storage 
capacity  of  which  is  very  great,  is  filled. 

If  an  area  of  gravel  of  500  square  miles  should  be  charged  to  a  depth 
of  300  feet  it«  storage  capacity  would  be  32,000,000  acre-feet  of  water. 
These  figures  are  given  merely  to  suggest  the  enormous  capacity  of 
this  great  undergroiind  storage  reservoir  of  San  Bernardino  Valley. 
It  lias  been  charged  with  waters  through  a  long  cycle  of  years  by  the 
floods  described.  In  addition  to  the  winter  floods  the  summer  flow  of 
all  the  streams  from  San  Antonio  Creek  to  Mill  Creek  is  diverted  and 
used  for  irrigation  purposes,  and  probably  50  per  cent  of  it  sinks  into 
the  ground  and  reenforces  the  water  plane.  This  lai^e  underground 
reservoir  slopes  toward  Santa  Ana  River,  and  its  surplus  waters  are 
brought  to  the  surface  in  the  canyon  at  Rincon.  The  velocity  with 
which  the  water  passes  through  the  gravels  is  undoubtedly  very  slow 
and  varies  with  the  density  of  the  soil  and  the  steepness  of  the  slope, 
causing  a  very  constant  delivery  of  water  at  the  Rincon  Narrows. 

In  June,  1898,  a  series  of  measurements  was  made  to  determine  the 
relation  between  the  water  flowing  on  the  surface  of  the  ground  at 
the  mouths  of  the  various  mountain  basins  entering  San  Bernardino 
Valley  and  that  returning  into  the  channels  of  the  Santa  Ana  in  the 
central  portions  of  the  valley.  The  following  approximate  results 
were  obtained : 

JHscharge  measurements  in  San  Bernardino  Valley^  1898, 


Stream. 

June. 

Septem- 
ber.* 

Monntain  stveRxiui  aboTO  Slover  Monntaiii 

Second-ft. 
80 
21 

Sec<md-ft. 
68 

Monntaln  Rtmiinfl  bolow  Slf>v«r  Monntftin ,        -  - 

17 

Total  summer  streams  from  monotains 

101 

80 

naf ni>Ti  u.r\i\  i\thvtAivr^>A  trntAT  nttrkVA  AInvAr  MniintAiTi               .    _.          

M38 
75 
61 

b]45 

R^tom  water  'between  Slover  Mountain  and  Riverside  Narrows 

62 

Retnr  n  water  between  Riyerside  Narrows  and  Rincon 

53 

Total  return  water  above  Rincon.. - 

274 

260 

*  Measurements  made  lietween  Aii(?ust  27  and  September  9. 
**  Riverside  Water  Company's  lower  canal  not  included. 
Note.— One  second-foot  equals  50  Califoioiia  minera'  inches. 

From  the  foregoing  table  it  will  be  seen  that  in  June,  1898,  there 
were  173  second-feet,  or  8,650  miners'  inches,  and  about  September  1 
180  second-feet  more  water  seeping  into  the  channels  of  Santa  Ana  River 
in  the  central  portion  of  the  valley  than  there  was  entering  the  valley 
from  the  mountain  drainage  basin.®  The  amount  of  water  rising  in 
the  central  portion  of  the  valley  was  about  three  times  the  amount 

« For  details  see  page  47,  Part  I. 
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that  was  being  furnished  from  the  mountain  streams.  During  the 
winter  season  the  mountain  streams  are  much  larger  in  volume.  In 
the  case  of  San  Gabriel  River,  in  June,  1898,  there  was  a  total  of  16 
second-feet  of  wat€>r  entering  from  mountain  drainage  basins  above 
Puente,  and  62  second-feet  were  found  flowing  in  The  Narrows,  where 
San  Gabriel  River  cuts  through  the  same  secondary  coast  range  that 
the  Santa  Ana  encounters  at  Rinoon.  A  similar  condition  existo 
opposite  Tropico,  on  Los  Angeles  River,  where  in  June,  1898,  there 
were  68  second-feet  of  water  flowing  and  no  water  entering  from  the 
surrounding  mountain  drainage  basins. 

The  amount  of  water  which  returns  from  irrigation  into  the  channel 
of  the  Santa  Ana  below  the  lands  irrigated  is  known  to  be  large. 
According  to  tables  which  have  been  prepared  by  Prof.  L.  G.  Carpen- 
ter, in  charge  of  the  Colorado  experiment  station  at  Fort  Collins, 
Colo.,  the  velocities  of  underground  water  are  found  to  be  less  than 
1  mile  a  year  under  ordinary  conditions.  It  will  therefore  require  a 
number  of  years  for  return  irrigation  water  which,  for  instance,  is 
used  in  the  neighborhood  of  Rialto  or  Riverside  to  reach  the  channel 
of  Santa  Ana  River.  During  the  summer  of  1899  Mr.  Cyrus  C.  Babb, 
a  hydrographer  from  the  United  States  Greological  Survey,  made  a 
determination  of  the  amount  of  water  returning  from  irrigation  in  the 
Sokmioii9vill0-  VaUey,  vvt  CvikUEliireT^  AiAnftiift,  anil  found  that  a  volume 
equaling  64  per  cent  of  the  amount  which  was  being  used  for  irriga- 
tion at  that  time  was  returning  to  the  stream ;  in  the  neighborhood  of 
Phoenix  the  amount  returning  was  found,  in  a  similar  manner,  to  ])e 
40  per  cent.  In  Ogden  Valley,  Utah,  on  Ogden  River,  Prof.  Samuel 
Fortier  determined,  as  the  result  of  thirteen  measurements  made  in  the 
summer  of  1894,  that  while  the  inflow  into  the  valley  was  98.9  second- 
feet  the  amount  used  for  irrigation  was  76.3  second-feet  and  the  out- 
flow was  115.9  second-feet,  showing  a  greater  amount  returning  than 
was  being  used  at  that  time  for  irrigation.  This  was  doubtless  due 
to  the  fact  that  greater  quantities  of  water  were  used  for  irrigation  in 
the  spring  than  during  the  summer  months.  In  Colorado,  on  Cache  la 
Poudre  River,  Professor  Carpenter,  as  a  result  of  extensive  measure- 
ments and  experiments,  has  drawn  the  following  general  conclusions: 

(1)  There  is  a  real  increase  in  the  volnme  of  the  streams  as  they  pass  through 
the  irrigated  sections. 

(2)  The  inflow  is  practically  the  same  throughout  the  year.  It  is  greater  in 
summer  and  less  in  winter,  principally  because  of  the  effect  of  the  temperstnre 
on  the  soil. 

(3)  The  passage  of  the  seepage  water  through  the  soil  is  very  slow,  so  that  it 
may  take  years  for  the  seepage  from  the  outlying  lands  to  reach  the  river. 

(4)  The  seepage  water  is  already  an  important  agricultural  factor  of  the  State. 
The  capital  value  of  the  water  thus  received  in  the  valley  of  the  Cache  la  Poudre 
alone  is  not  less  than  $300,000,  perhaps  $500,000,  and  for  the  Platte  it  is  from 
$2,000,000  to  $3,000,000.    It  is  large  for  the  other  streams,  but  of  unknown  amount. 

(5)  Ultimately  the  returns  from  seeps^e  will  make  the  lower  portions  of  such 
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valleys  as  the  Platte  more  certain  of  water  and  will  probably  permit  a  larger 
acreage  to  be  grown. 

(6)  The  resnlts  here  shown  may  be  expected  to  apply,  with  limitations,  to  other 
valleys  similarly  situated,  where  irrigation  is  as  copions,  crops  the  same  in  char- 
acter, and  the  subsoil  and  ro^k  strata  similar  and  at  approximately  the  same  incli- 
nation. Where  the  soil  is  less  porous  a  greater  time  mnst  elapse  for  the  water  to 
percolate. 

At  Rincon  there  is  a  flat  of  approximately  4  square  miles  area  imme- 
diately above  the  canyon,  which  is  believed  to  contain  gravel  and  sand 
to  depths  of  at  least  50  or  60  feet,  below  which  alternate  layers  of  clay 
and  gravel  are  believed  to  exist.  Approximately  one-third  of  this 
area  lies  on  the  south  or  left  bank  of  the  river  and  the  remaining  two- 
thirds  on  the  north  bank. 

Numerous  measurements  have  been  made  from  the  Riverside  Nar- 
rows through  to  Olive,  and  the  maximum  volume  of  water  that  occurs 
at  any  point  in  the  river  is  believed  to  be  at  the  wagon-road  crossing 
of  the  stream  near  Rincon. 

In  the  following  table  is  given  a  series  of  measurements  made  by 
the  United  States  Geological  Survey  approximately  1  mile  below  the 
railroad  bridge  crossing  Santa  Ana  River  below  Rincon,  the  measure- 
ments having  been  made  at  that  point  until  September  29,  1899,  since 
which  date  they  have  been  made  at  the  wagon  bridge.  On  Septem- 
ber 13,  1899,  it  was  found  that  when  there  were  74:.  38  second-feet  of 
water  at  the  Geological  Survey  gaging  station  there  were  76.61  second- 
feet  of  water  at  the  wagon  bridge,  or  2.23  feet  more  water  at  the  wagon 
bridge  than  at  the  Geological  Survey  station.  The  wagon  bridge 
being  the  point  of  maximum  flow,  subsequent  measurements  were 
made  there. 

Discharge  ftwasurements  of  Santa  Ana  River  and  canal  near  Rincon j  below  tfie 

mouth  of  Chino  Creek. 


Date. 


180B. 


June  21. 


January  3 

January  16 

January  28 

Febmary  15... 

March  4 

March  18 

AprU« 

April  18 

May2 

May  15 

June  3 

June  16 

July4 

July  18 

Au^ustl 

Angvst  15 

August  80 

September  13. 
September  28. 


Hydrographer. 


F.  H.Omsted 


S.G.  Bennett. 

F.Rolfe 

....do 


.....do 

do 

.....do 

do 

do 

.....do 

do 

do 

S.O.  Bennett... 

F.Holfe 

do 

do 

do 

S.Q.Bennett... 
J.  B.  Lippinoott 
F.Bolfe 


Discharge 
of  river. 


Sec./t. 
79.81 


200. 40 
231.00 
216.00 
181.00 

108.  eo 

109.80 

172.23 

101. 10 

100.  JM 

100.36 

110.27 

87.80 

68.89 

64.13 

57.82 

64.71 

65.90 

72.73 

83.82 


Discharge  I  Total  dis- 
of  canal.       charge. 


Sec.-ft. 
3.18 


2.30 
0.00 
6.50 
1.75 
O.JK) 
0.00 
0.00 
2.75 
2.45 
3.96 
3.18 
1.65 
2.42 
1.54 
3.44 
3.16 
2.00 
1.65 
0.00 


Sec.-ft. 
82.99 


211.70 

231.90 

222.50 

182. 75 

108.60 

199.89 

172.23 

108.  &5 

102.79 

104.31 

113.45 

89.54 

71.31 

65.67 

61.26 

67.87 

67.90 

74.38 

83.82 
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Discharge  meagurements  of  Santa  Ana  River  at  wagon  bridge  above  the  nunith  of 

China  Creek, 


Date. 

HydroflTTApher. 

River. 

Chino 
Creek. 

Springs. 

Total 
dis- 
charge. 

1890. 
October  SS 

J.  B.  Lippincott 

do 

Sec.-ft. 
131.32 
146.53 

Sec.-ft. 
14.52 

Sec.-ft. 
O.fiO 
0.60 

Sec.-ft. 
146.94 

October86 

161.55 

Discharge  measurements  of  Santa  Ana  Ri'ver  at  Riverside  Narrows,  below  aU  River- 
side diversions  and  north  of  Arlington  Heights. 


Date. 


1886. 

June  20 

August  29 . . 


iww. 

July  17 

September  12 


Hydrographer. 


F.H.Obnsted. 
do 


F.Rolfe 

J.  B.  Lippincott 


Discharge. 


See.-ft. 
47.63 
99.05 


30.69 


For  the  purpose  of  comparison  four  measurements  of  the  amounts 
of  water  flowing  at  Rincon  and  at  the  division  box  of  the  Santa  Ana 
and  Anaheim  irrigation  companies  were  made  on  the  same  dates, 
with  the  results  shown  in  the  following  table : 

Discharge  measurements  of  Santa  Ana  River. 


Date. 


June  21 


1886. 


Hydrographer. 


F.H.  Olmsted. 


1899. 

August  30 

September  13 
October  26 — 


S.G.Bennett-.. 
J.  B.  Lippincott 
do 


U.8.G.8. 

gaging 

station 

below 

Rincon. 


Divisian 
box  of 
Santa  Ana 
and  Ana- 
heim irri- 
gatjou 
compa- 
nies. 


Sec.-ft. 
79.81 


65.90 

72.78 

146.84 


Total  discharge 


864.78 


Sec.-ft. 
67.47 


58,62 

71.68 

144.72 


843.49 


*  Measured  at  Rincon  wagon  bridge. 

At  the  time  of  the  first  three  measurements  there  was  flowing  in  a 
dit<5h  on  the  left  bank  of  the  river  opposite  the  gaging  station  3.18, 
2,  and  1.65  second-feet  of  water,  respectively,  which  is  not  included 
in  the  totals  given  in  the  foregoing  table.  If  included  it  would  show 
a  still  greater  quantity  of  water  at  Rincon.  The  average  of  the 
measurements  indicates  the  presence  of  5.32  second-feet  (266  miners' 
inches)  more  water  at  Rincon  than  at  the  division  box.  If  the 
greater  amount  of  water  found  at  the  Rincon  wagon  bridge,  as  com- 
pared with  that  at  the  original  gaging  station,  is  considered,  as  well 
as  the  diversions  of  the  ditch  on  the  left  bank  opposite  the  original 
gaging  station,  then  it  is  shown  by  these  measurements  tliat  there  is 
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a  loss  of  fully  8  second-feet  between  the  Rincon  wagon  bridge  and  the 
division  box  of  the  Santa  Ana  and  Anaheim  water  companies.  On 
September  13,  1899,  there  were  at  the  Rincon  bridge  76.61  second-feet 
of  water,  while  in  the  two  canals  of  the  Santa  Ana  and  Anaheim  com- 
panies, at  a  point  opposite  Esperanza  Siding  and  above  all  irrigation 
from  either  canal,  there  were  only  58.68  second-feet  of  water,  showing 
a  loss  of  17.93  second-feet  (896  miners'  inches)  between  those  points. 
On  October  26,  1899,  there  were  161.55  second-feet  of  water  at  the 
Rincon  bridge  and  122.37  second-feet  in  the  canals  and  river  oppo- 
site Esperanza,  the  total  amount  in  the  canals  being  73.21  second- 
feet.  This  shows  a  loss  of  39.18  second-feet  (1,959  miners'  inches). 
These  measurements  are  not  given  as  absolute,  but  they  were  the  best 
possible  determinations  under  existing  conditions.  The  fact  that  a 
loss  is  shown  by  each  of  the  observers  mentioned  is  considered  evi- 
dence that  a  loss  exists  and  that  it  is  large.  Additional  measurements 
are  desirable  in  order  to  determine  more  definitely  the  amount  of  this 
loss. 

An  examination  of  the  wells  in  the  vicinity  of  Rincon  was  made  in 
connection  with  the  investigation.  As  a  result  it  is  believed  that  a 
bed  of  gravel,  cobble,  and  sand  40  feet  deep  exists  on  the  south  side 
of  the  river,  that  it  is  porous  and  filled  with  water,  and  that  develop- 
ment works  of  proper  size  and  form  could  obtain  from  it  a  large 
supply.  From  the  Aubumdale  bridge  to  the  Rincon  bridge  the  river 
gains  12.75  second-feet  of  water,  as  indicated  by  the  measurements 
of  September,  1899,  Chino  Creek  not  being  considered.  An  examina- 
tion of  the  records  of  wells  north  of  the  river  indicates  that  a  blanket 
of  clay  sloi)e8  from  the  neighborhood  of  Chino  toward  the  south. 
Artesian  wells  occur  in  the  neighborhood  of  Chino,  and  flowing  water 
la  obtained  as  far  south  as  the  Pioneer  schoolhouse,  which  is  approxi- 
mately 3  miles  north  of  the  land  referred  to.  In  a  well  on  the  property 
of  Mr.  Durkee,  approximately  1  mile  north  of  this  land,  a  blanket  of 
hard  clay  20  feet  thick  was  encountered  at  a  depth  of  47.5  feet  from 
the  surface  of  the  ground.  Beneath  this  was  coarse  gravel.  The 
water  in  this  well  rose  to  within  a  few  feet  of  the  surface  of  the  ground. 
The  well  furnishes  a  supply  which  has  never  been  exhausted  by  the 
demandjB  ux)on  it. 

Mr.  Durkee  states  that  similar  conditions  were  encountered  at  the 
schoolhouse  well.  From  the  Aubumdale  bridge  to  Chino  Creek 
springs  are  found  on  both  sides  of  the  valley.  The  evidence  obtained 
from  the  wells  indicates  that  a  blanket  of  clay  may  be  found  in  the 
gravel  beds  near  Rincon.  If  this  layer  of  clay  exists,  beneath  it  will 
be  found  large  bodies  of  water,  which  can  be  pumped  extensively  if 
they  do  not  flow  naturally,  and  the  water  supply  be  increased  thereby. 
The  only  evidence  to  the  contrary  that  was  found  was  at  the  pipe 
works,  approximately  3  miles  southeast  of  Rincon,  where  indefinite 
information  was  obtained  that  two  wells  have  been  put  down,  one  500 
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and  the  other  600  feet  in  depth,  through  sandstone,  bowlders,  and 
gravel,  without  encountering  a  layer  of  clay.  The  water  in  these 
wells,  however,  rose  to  within  25  feet  of  the  surface,  and  the  supply 
has  been  found  sufficient  to  meet  all  demands  upon  it.  The  elevation 
of  these  wells  at  the  surface  of  the  ground  is  approximately  100  feet 
above  the  river  at  Rincon.  At  the  foot  of  the  small  mesa  which  imme- 
diately joins  the  town  on  the  south  shallow  wells  have  been  put  down 
to  a  depth  of  25  or  more  feet,  from  which  flowing:  water  has  been 
obtained. 

If  development  works  can  be  located  which  will  permit  the  lowering 
of  the  water  plane  21  feet  beneath  the  surface  of  the  ground,  where 
it  now  stands,  over  an  area  of  1,000  acres,  sufficient  water  could  be 
obtained  to  furnish  1,000  miners'  inches  for  a  period  of  six  months. 
It  has  previously  been  shown  that  there  enters  the  river  naturally  from 
the  eastern  end  of  the  valley  to  the  Rincon  bridge,  inclusive  of  Chino 
Creek,  approximately  700  miners'  inches.  This  increase  indicates  a 
supply  which  is  constantly  approaching  these  lands  and  which  should 
be  an  addition  to  the  storage  capacity  of  the  gravel  mentioned.  It  is 
believed,  therefore,  that  from  1,500  to  2,000  miners'  inches  of  water 
could  be  obtained  if  development  works  were  constructed  which  would 
permit  the  lowering  of  this  water  plane  each  season  21  feet  over  an 
area  of  1,000  acres.  In  a  gravel  bed  west  of  Burbank  the  West  Los 
Angeles  Water  Company  has  constructed  a  cut  approximately  3,000 
feet  in  length,  which  varies  in  depth  from  nothing  to  about  25  feet,  and 
which  is  now  delivering,  at  the  end  of  the  drought  of  1900,  in  the  neigh- 
borhood of  300  miners'  inches  of  water  in  a  locality  which  is  not  so 
favorably  situated  for  the  purposes  of  developing  water  as  are  the 
lands  referred  to.  The  works  of  the  West  Los  Angeles  Water  Com- 
pany consist  of  an  open  cut  in  which  is  placed  a  wooden  flume  with 
sides  and  top  but  without  bottom.  The  water  enters  the  flume  prin- 
cipally through  the  bottom.  These  development  works  have  been  in 
operation  since  the  fall  of  1895  and  have  maintained  a  continuous 
discharge  of  water,  although  the  water  plane  of  San  Fernando  Valley 
has  been  steadily  falling. 

The  Crystal  Springs  Water  Company  has  laid  approximately  2,000 
feet  of  sewer  pipe,  with  open  joints,  in  the  sandy  bed  of  Los  Angeles 
River  in  the  narrows  west  of  Verdugo.  There  are  four  pipes,  laid  in 
two  cuts,  which  are  collecting  from  400  to  500  miners'  inches  of  water 
from  the  river  bottoms. 

Broadly  speaking,  the  method  of  procedure  should  be  to  divert  the 
entire  flow  of  Santa  Ana  River  near  the  Auburndale  bridge  at  the 
beginning  of  the  irrigation  season,  say  the  first  of  May,  and  carry  it 
in  a  lined  conduit  to  a  point  west  of  Rincon  where  a  drop  could  be 
obtained  which  would  produce  a  substantial  water  power.  The  water 
stored  in  the  gravel  beds  should  then  be  drawn  down  by  means  of 
pumps  operated  by  this  i)ower.     At  the  end  of  the  irrigation  season 
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the  pumps  could  be  stopped  and  the  water  be  returned  to  the  natural 
bed  of  the  river  between  the  Auburndale  bridge  and  Rincon  during 
the  season  of  the  year  when  the  supply  is  large  and  when  the  loss  to 
the  river  in  recharging  these  beds,  in  addition  to  the  natural  inflow 
of  water  returning  from  irrigation,  would  not  be  felt.  In  this  manner 
the  storage  capacity  of  the  gravel  beds  would  be  available  the  follow- 
ing spring,  when  the  water  plane  could  again  be  drawn  down.  Any 
aitesian  water  that  might  be  found  would  be  in  addition  to  the  water 
obtained  from  the  pumps. 
Summarizing,  the  following  conclusions  have  been  reached: 

(1)  That  a  large  percentage  of  water  used  for  irrigation  returns  to 
the  channels  of  the  streams,  the  amount  being  greater  where  the  soil 
is  porous  and  the  slopes  are  steep,  both  of  which  conditions  exist  in 
San  Bernardino  Valley. 

(2)  That  the  movement  of  the  water  through  the  soil  is  exceedingly 
slow,  and  that  while  the  increase  due  to  irrigation  is  now  felt  at  Rin- 
con the  volume  of  return  water  from  irrigation  will  increase  in  the 
future  and  will  be  a  permanent  source  of  supply. 

(3)  Water  of  this  character  is  now  making  its  appearance  on  the 
lands  near  Rincon.  This  is  indicated  by  the  fact  that  although  we 
are  now  practically  at  the  end  of  a  nine-years'  drought  the  water 
plane  of  these  lands  has  steadily  risen,  until  orchards,  vineyards,  and 
alfalfa  fields  which  are  said  to  have  previously  flourished  have  been 
drowned.  Around  Riverside  alone  5,000  minera'  inches  (100  second- 
feet)  of  water  are  now  being  used  for  irrigation. 

(4)  It  is  impossible  to  determine  accurately  the  amount  of  water  that 
could  be  gathered.  It  is  believed,  however,  that  about  2,000  miners' 
inches  or  more  could  be  obtained  by  pumping.  This  amount  would 
be  independent  of  any  supply  which  would  be  obtained  from  artesian 
wells, 

(5)  That  the  stream  measurements  show  a  loss  between  Rincon  and 
the  head  of  the  Santa  Ana  canal  near  Esperanza  of  about  800  miners' 
inches,  which  might  be  saved  by  a  lined  conduit  extending  down  the 
canyon  about  7.4  miles. 

WELiLiS  IK  REDIiANDS  AND  SAN  BERNARDINO  QUAD- 

RANGIiES. 

All  of  the  wells  in  the  Redlands  and  San  Bernardino  quadrangles, 
irresi)ective  of  size  or  producing  capacity,  were  visited  by  representa- 
tives of  the  Geological  Survey  during  the  summer  of  1900.  There 
were  412  wells  in  the  Redlands  quadrangle,  which  were  inspected  by 
Mr.  Louis  Mesmer,  of  Los  Angeles,  and  478  wells  in  the  San  Bernar- 
dino quadrangle,  which  were  inspected  by  Mr.  C.  J.  Roney,  of  the  same 
city.  The  results  of  the  observations  were  described  with  considerable 
detail  in  the  fleld  record  books,  but  have  been  condensed  for  publi- 
cation in  this  report  and  are  given  in  the  following  tables.     The 
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numbers  of  the  wells  in  the  tables  correspond  with  those  on  the  map 
(PL  I,  Part  I)  and  are  the  same  as  those  given  to  the  detailed  descrip- 
tions in  the  field  record  books.  The  principal  facts  are  stated  in 
abbreviated  form.  In  the  first  column  is  the  number  of  the  well  as 
shown  on  the  map.  In  the  next  column  is  the  name  of  the  owner,  and 
following  that  the  location,  by  township,  range,  and  section,  the  date 
completed,  and  the  class  of  well,  the  latter  being  indicated  by  estal>- 
lished  symbol,  D  meaning  dug  well,  Di'  driven  well,  B  bored  well, 
and  H  horizontal  well  or  tunnel,  the  accompanying  figures  giving  the 
size  in  feet  and  inches.  The  elevation  of  the  surface  of  the  well,  the 
elevation  of  water  in  the  well,  and  the  depth  of  the  well  in  feet  are 
given  in  the  next  columns.  The  character  of  the  strata  is  indicated 
by  initials,  C  meaning  clay,  O  gravel,  B  bowlders,  L  loam,  S  sand, 
R  rock,  and  Hx>  hardpan.  To  illustrate:  LSQ  is  equivalent  to 
loam,  sand,  and  gravel.  The  next  column  gives  the  quality  of 
water,  whether  hard,  soft,  alkaline,  or  sulphurous.  The  next  one 
gives  the  method  by  which  the  water  is  obtained,  the  word  hand 
meaning  hand  pump,  horse  a  horsepower  machine,  electric  an  elec- 
tric motor,  ceiiMfuyal  a  centrifugal  pump,  gas  a  gasoline  engine, 
wi7id  a  windmill,  etc.  In  the  case  of  the  windmill  the  accom- 
panying figures  give  the  diameter  of  the  windmill  in  feet.  For  exam- 
ple: 14  wind  is  intended  to  imply  that  water  is  pumped  by  a  ll-foot 
windmill.  In  the  case  of  the  gasoline  engines,  electric  motors,  etc.,  the 
accompanying  figures  indicate  the  horsepower.  The  cost  of  the  well 
and  of  the  machinery  (the  latter  is  only  roughly  approximate)  is  given 
in  the  next  two  columns,  and  after  that  the  quantity  of  water,  usually 
in  second-feet,  but  where  otherwise  good  indicates  a  good  supply  and 
sviall  a  small  or  deficient  supply.  In  many  instances,  particularly 
with  capped  artesian  wells  connected  directly  with  pipe  systems,  it  was 
difficult  to  determine  the  volume  of  water  that  the  well  was  discharg- 
ing. In  a  few  instances,  which  ai'e  indicated,  the  volumes  given  are 
for  other  years  than  1900.  In  the  column  headed  "use  of  water"  the 
abbreviation  dom  implies  domestic  use,  st  implies  use  for  watering 
cattle  and  horses,  and  irr  that  water  is  used  for  irrigation.  Topo- 
graphic maps  were  used  in  determining  the  elevation  of  the  ground 
at  the  well,  and  the  depth  to  water  having  been  measured  with  a  tape 
the  elevation  of  the  water  plane  was  determined  accoi'dingly.  The 
elevations  all  refer  to  the  summer  of  1900,  and  undoubtedly  will  vary 
substantially,  either  owing  to  the  excessive  pumping  of  water  or  to 
subsequent  wet  years. 
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MANUFACTURE  OF  PORTI/AND  CEMENT  IN  SOUTHERN 

CAIilFORNIA. 

Au  important  element  in  the  development  of  an  irrigation  commu- 
nity is  the  cost  and  use  of  hydraulic  cement.  Prior  to  1893  all  of  the 
cement  use<l  in  southern  California  came  from  Europe.  This  meant 
a  serious  financial  drain  on  this  section,  and  the  building  of  a  cement- 
inanufacturing  plant  near  Colton  which  reduced  the  cost  of  Portland 
cement  25  per  cent  and  also  kept  the  remaining  75  per  cent  at  home 
was  therefore  an  important  event  in  irrigation  development  as  well  as 
building. 

The  plant  of  the  California  Portland  Cement  Compan}'  is  three- 
fourths  of  a  mile  from  the  town  of  Colton.  The  company  manufac- 
tures Portland  cement,  lime,  marble  dust,  and  crushed  rock.  It 
employs  70  men,  and  the  capacity  of  the  plant  is  300  barrels  of  cement 
or  500  barrels  of  lime  daily  and  an  unlimited  output  of  crushed  rock. 
This  Portland  cement  has  been  extensively  used  in  the  various  irri- 
gation and  hydraulic-power  systems  of  southern  California,  and  has 
been  pronounced  by  engineei*s  to  be  equal  to  imported  cement,  while 
it  is  sold  at  a  much  lower  price  than  the  foreign  article.  C.  W.  Smith, 
of  Pasadena,  is  now  the  president  of  the  company  and  E.  Duryee  is 
the  chemist. 

Probably  few,  even  in  the  engineering  profession,  would  be  inclined 
to  credit  the  statement,  which  nevertheless  can  be  corroborated  by 
United  States  Government  reports,  that  75  per  cent  of  the  Portland 
cement  consumed  in  the  United  States  during  1900  was  manufactured 
in  this  country.  The  only  Portland-cement  plant  on  the  Pacific  coast, 
however,  is  the  one  at  Colton,  where  rotary  kilns  are  in  operation. 
At  the  outset  the  Colton  company  employed  an  expert  to  investigate 
the  cement  works  in  the  East,  of  which  there  are  many,  and  they 
adopted,  as  the  result  of  his  investigations,  what  they  believe  to  be 
the  best  process.  The  plant  is  continuous  and  largely  automatic  in 
operation,  machinery  being  employed  to  such  an  extent  that  3  barrels 
of  cement  p^r  day  are  obt^ained  for  each  ijian  employed,  as  contrasted 
with  1  barrel  per  day  per  man,  the  ordinary  output  in  European  works. 
The  process  is  protected  by  letters  patent  and  is  American  in  every 
respect.  The  works  are  very  favorably  located,  being  in  the  center  of 
the  semitropical  fruit  belt  of  southern  California  and  contiguous  to  most 
of  the  extensive  irrigation  and  hydraulic-power  plants  of  that  section, 
thus  insuring  an  increasing  market  for  the  product  in  the  future.  In  the 
rear  of  the  mill  towers  Slover  Mountain,  with  its  inexhaustible  deposit 
of  pure  calcspar  and  two  clay  deposits  at  short  distances,  which  pro- 
vide abundant  crude  materials.  The  company  is  fortunate  in  having 
available  limestone  almost  chemically  pure  and  a  clay  peculiarly 
adapted  to  the  manufacture  of  the  cement,  while  the  Los  Angeles 
petroleum  provides  a  cheap  and  excellent  fuel.     These  advantages 
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enable  the  company  to  manufacture  its  product  at  a  minimum  cost  and 
to  place  it  on  the  market  for  about  three- fourths  the  price  of  foreign 
cements.  The  mixing,  grinding,  and  burning  of  the  crude  materials 
is  cai'ried  on  under  the  constant  direction  and  analysis  of  a  chemist 
whose  laboratory  is  at  the  works.  The  crude  materials  are  first 
crushed  and  mixed  by  weight,  then  ground  to  an  impalpably  fine 
powder,  then  fed  continuously  at  the  rate  of  3  tons  hourly  into  a 
rotary  kiln  75  feet  long,  in  which  they  remain  one  and  three-fourths 
hours.  The  low  heat  of  the  upper  end  of  the  kiln  drives  off  the  mois- 
tui'e  from  the  raw  mixture;  the  low  red  heat  of  the  middle  part  decar- 
bonizes the  limestone ;  and  the  high  heat  of  the  lower  end  causes  the 
caustic  lime  alumina  and  silica  to  unite  and  fonn  Portland  cement 
clinker — little  nodules  the  size  of  beans  and  walnuts.  After  leaving 
the  kiln  the  clinker  is  cooled  and  ground  into  the  finished  product. 
The  materials  enter  the  kiln  as  a  mechanical  mixture  of  limestone  and 
clay  and  come  from  it  a  chemical  compound  of  definite  formulae. 

The  character  of  the  Colton  cement  is  the  same  as  that  of  all  Port- 
land cements.  Analyzed  it  approximates  some  of  the  leading  foreign 
brands,  while  the  phj'sical  tests  have  generally  shown  it  to  be  sxn^erior 
to  the  foreign  brands  in  the  local  market  both  in  the  fineneas  of  the 
powder  and'  in  its  t-ensile  strength. 

Analyses  of  Portland  ccfnents. 


Constituent. 


Silica  (SiO.) 

Alumina  (AlsOx) 

Ferric  oxide  (FepOg) 

Maernesia  (MgO) 

Lime(CaO) 

Sulphuric  acid  (SOa ) 

AlkalieB 

Moisture  and  carbonic  acid . 

Total 


Colton, 
American 

(E.  Dur- 
yee,  ana- 
lyst). 


Per  cent. 

22.000 
9.310 
8.080 
0.900 

01.512 
1.200 
1.761 


White 
Bros.,Engr- 

lish  (E. 

Duryee, 
anal3rst). 


Alsens., 
Qerman 
(W.  Mar- 
Clay,  ana- 
lyst). 


Per  cent.  I    Per  c-ent. 


28.507 
10.020 

3.oeo 

1.067 

50.000 

1.400 

2.100 


!} 


09.K83 


100.234 


24.90 

11.23 

0..« 
50. 9H 
0.W 
0.50 
2.16 

100- <« 


The  following  table  comprises  data  from  the  report  of  Mr.  J.  W. 
Robinette,  C.  E.,  the  cement  t.ester,  who  sampled  and  tested  4,000  l>ar- 
rels  of  the  product  purchased  by  the  San  Gabriel  Electric  Company: 

Results  of  tests  of  Colton  Portland  cement. 


Length  of  time. 


Number 
of  tests 


SI 


Iday... 
7  days. . 
28  days. 


255 
510 
481 


Average 

tensili) 

trength. 


Pounds. 
120 
510 
607 


Meah. 
2,500 
8,100 

144,000 


AveruKe 

of  4,ai» 

barrels. 


Ptrccni. 
90.64 
96,3? 
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The  extreme  care  taken  to  insure  a  good  and  uniform  cement  may 
be  inferred  from  the  fact  that  the  raw  mixture  is  every  half  hour  sub- 
jected to  chemical  tests  for  the  determination  of  the  i)ercentage  of 
lime,  which  element  is  not  permitted  to  vary  either  way  more  than 
1  per  cent  from  the  standard.  The  mixture  is  ground  so  fine  that 
only  one-third  of  1  per  cent  remains  on  a  50-raesh  screen,  5  per 
cent  on  a  90-mesh  screen,  and  7  per  cent  on  a  120-mesh  screen. 
After  it  has  been  burned  the  clinker  is  spread  in  layers  on  a  cooling 
and  mixing  floor,  and  the  accumulated  burn  of  several  days  is  thor- 
oughly mixed  before  it  is  ground.  After  the  cement  has  been  ground 
and  again  mixed  in  conveyers  and  elevators  it  is  put  into  sacks 
holding  95  pounds  each.  A  sample  is  taken  from  every  tenth  sack 
and  numbered.  These  samples  are  tested,  a  record  of  the  tests  being 
kept  and  embodied  in  the  reports  which  are  mailed  to  the  purchat^ers. 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 

United  States  Geological  Survey, 

Division  op  Hydrography, 

Washingtmiy  D.  C,  November  37,  1901, 

Sir:  I  have  the  honor  to  transmit  herewith  Part  II  of  a  preliminary 

list  of  deep  borings  in  the  United  States  (400  feet  or  more  in  depth), 

by  Mr.  N.  II.  Darton,  with  the  request  that  it  be  published  in  the 

series  of  Water-Supply  and  Irrigation  Papers.     Part  I  is  in  type  as 

Paper  No.  57.     It  has  been  found  necessary  to  divide  the  whole  into 

two  papers,  because  of  the  statutory  limit  of  100  pages  for  these  papers. 

Very  respectfully, 

F.  H.  Newell, 

HyclrograpJier  in  CJuxrge. 
Hon.  Charles  D.  Walcott, 

Director  United  Staler  Geological  Surrey. 


PRELIMINARY  LIST  OF  DEEP  BORINGS  IN  THE  UNITED 

STATES- 
PART  II.— t^:ebra8ka-wy<)ming. 


By  N.  II.  Darton. 


The  wells  and  Iwrings  reported  in  the  paper  are  all  more  than  400 
feet  in  depth.  The  information  concerning  them  has  been  obtained 
partly  from  replies  to  circular  letters  sent  to  all  parts  of  the  United 
States  and  partly  from  geological  reports  and  other  published  sources. 
Owing  to  the  difficulty  of  obtaining  replies  to  the  circulars,  to  lack 
of  knowledge  on  the  part  of  correspondents,  and  to  the  incomplete- 
ness of  published  records,  doubtless  there  are  borings  which  have  not 
been  reported.  In  regions  of  oil  and  gas  wells,  where  Iwrings  are 
numerous,  the  individual  wells  can  not  be  listed  here,  but  representa- 
tive wells  are  given.  References  to  logs  or  records  of  the  wells,  or 
extended  descriptions  of  them,  are  given  in  footnotes,  and  after  the 
list  of  wells  in  each  State  there  is  added  a  list  of  tlie  principal  publi- 
cations relating  to  deep  borings  in  that  State.  • 

The  bearing  of  the  information  given  in  the  columns  of  the  lists 
probably  is  apparent,  unless,  perhaps,  in  the  one  headed  "Height  to 
which  the  water  rises."  In  this  column  an  entr}'  such  as  **  —  45" 
indicates  that  the  water  rises  to  within  45  feet  of  the  surface;  "  +  45" 
indicates  that  it  is  a  flowing  well  and  has  sufficient  head  to  raise  the 
water  45  feet  above  the  surface  in  an  open  pipe  45  feet  or  more  in 
height.  The  yield  in  gallons  per  minute  usually  is  estimated.  Depths 
and  diameters  often  have  been  reported  from  memory,  and  different 
sources  of  publication  sometimes  give  different  figures.  Most  wells 
which  are  not  stated  to  be  "for  oil,"  "for  gas,"  "brine,"  "aban- 
doned," etc.,  in  the  remarks  column,  or  "not  any"  in  the  yield 
column,  generally  afford  more  or  less  water.  Many  of  the  gas  and 
oil  wells,  active  or  abandoned,  yield  salt  water. 
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DEEP   BORINGS   IN   THE    UNITED   STATES,  PABT  II.  [no.  61. 


NEBRASKA. 

(Arranged  by  countiea.) 


Location. 


County. 


HastiQCsi .. 
Harrisburg 


T.34,R.8,sec.— . 
T.  33,  B.  8,  sec.  18. 

Kearney 

T.  10,  R.  13,  sec.  34 

Do 

8t.  Helena* 

T.  33,  R.  33,  sec.  23. 
T.3S,R.23,8ec.24. 
T.  31,  R.  23,  sec.  11 
T.  33,  R.  13,  sec.  35 

T.— ,R.— .sec.lO 
T.32,R.23,Bec.— 
T.  6,  B.  30,  sec.  21. 

Cliff 

Chadron 


T.  31,  B.  5,  sec.  5 

T.31,R.B,Bec.aO 

Omaha  (Clark  and 
Sixteenth  streets) 

Omaha  (Qrant  smel- 
ter). 

Omaha  (Thirty-sec- 
ond and  O  streets ) . 

Omaha  (Elm  wood 
Park). 

Omaha  (Hanscom 
Park). 

Omaha  (River view 
Park). 

Omaha  (Willow 
Spring). 

Omaha  (Exposition 
grounds). 

Omaha  (Seymour 
Park). 

Omaha  (Pickards) . . . 


Omaha  (Krug  brew- 
ery). 

Omaha  (Power 
house,  Nineteenth 
street). 

Omaha  (Cortland 
Beach). 

Farm  of  O.  E.  Hawk- 
ins. 

Beatrice 

Farm  of  W.  E.  Rob- 
ertson. 

Hyannis 

O'Neill 

Farm  of  E.  Demerit. . 

Dannebrog^ 

T.2,R.2,sec.4 


Adams. 
Banner 


Boyd.... 
.....do... 
Buffalo  . 

CasH 

.....do... 
Cedar... 
....do... 

do... 

....do... 

....do... 

...do... 

.....do... 

do... 

Chase . . . 
Custer . . 
Dawes  .. 


Dixon 
do 


Douglas. 
...do... 

do,.. 

do... 

do... 

do.. 

do.. 

do... 

do... 

.....do.. 

do... 

do.. 


do 

Gage  . 


T.13,R.a5,  sec.  5 
T.  14,  R.  41,  sec.  2  . 
T.  12,  R.  37,  sec.  8. 


T.  9,  R.  8,  sec.  29.. 
T.  32,  R.  6,  sec.  16  . 
T.  33,  R.  8,  sec.  18  . 
T.  33,  R.  3,  sec.  13 
T.  32,  R.  6,  sec.  8. 
T.  32,  B.  6,  sec.  16. 
T.  32,  R.  6,  sec.  16 
T.  32.  B.  6,  sec.  16 


do 
do 


Grant .... 

Holt 

Hooker  .. 
Howard . . 
Jefferson 


Keith 

do 

do 


Kimball 
Knox  ... 

do... 

do... 

.....do... 

do... 

.....do... 
.....do ... 


Depth. 


Feet. 

1.14.5 
40(V79O 

760 
760 
2,460(?) 
480 
fiflO 
466 
400 
448 
600 
«00 
602 
481 
445 
600 
400-486 

400,1,100. 

and  1,800 
407 
484 

664 
1,044 
1,800 
1,845 
1,130 
1,066 
1.700 
1,115 
1,303 
1,383 
1.310 

840 

99S 

1,260 

1,300 
1,240 

-i-400 
1,300 
1,200 
1,011 
500 


525 

407 


Diame- 
ter. 


Inches. 


460 
666 
770 
504 
600 
&56 
656 

6:)0  I 


3 


3 
4 


2 
2 
2 
2 
2 
2 
2 
2 
3i-la 


2 
3 


10-6 


Yield 

per 

minute. 


Height 

of 
water. 


(fallons. 


100 
430 


Feet 
-40 


Flows. 
Flow-s. 


Man 


30 


25 


Many. 


60 


125 

800 

Many. 


6-6 

6 

..... 


6 
3f 


8 
3 
2 
2 

8 
8 
8 


Many. 

600 
Many. 
Many. 

500 

70 

Many. 


Flows. 
Flows- 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 


No  flow. 


Flows. 
Many. 

-f-53 

-70 

-50 

-188 


-flOO 

Flows. 

+35 

Flows. 

-142 


Few. 


500 


Many. 
Many. 


90 

2W) 
2.500 
2,50(» 


... 


+40(?) 

Flowa 

Plows. 
Flows. 


Flows. 


-I-* 


No  flow. 
Flows. 
Flows. 
Plows. 
Flows. 
Flows. 
Plows. 
Flows. 


Remarks. 


Salt  water  at  940  feet. 
Several  unsuooessf  ul 
borings. 


UnsuccessfuL 
Water  at  30  feet. 
Water  at  470  feet. 
Water  at  400  feet. 

Water  at  248  feet. 
Water  at  340  feet. 
Water  at  600  feet. 
Water  at  550  feet. 

Water  at  396  feet. 
Water  at  22  feet. 
Several  wells. 
Three  wells;  no  wa- 
ter. 

Water  at  18  feet;  snp^ 

ply  unlimited. 
Temp.  5S». 

Flows  at  650  and  800 
feetalso;  temp.55<*. 


Temp.  62®. 


First  water    at    700 
feet;  temp. 60®. 


Temp.   68®;     aban- 
doned. 


Water  at  50  feet 

Two  wells. 
Unsuccessful. 

Do. 

Seven  borings  for 
coal;  strong  salt 
water  at  225-238 
feet;  temp.  70®. 

Water  at  7  feet. 

Water  at  386  feet 

Water  at  176  and  305 
feet;  137  feet  of  wa- 
ter in  well. 


Water 
Water 
Water 
Water 
Water 
Water 


at  685  feet 
at  740  feet 
at  482  feet 
at  435  feet 
at  575  feet, 
at  600  feet 


» Record,  U.  S.  Geol.  Survey,  Water-Supply  and  Irrigation  Paper  Na  12»  pp.  37-^ 

«  Record,  Am  Assoc.  Adv.  Science,  Proc,  vol  .'fi,  1886,  pp.  217-219 

» Record, U.S. Geol. Survey,  Water-Supply  and  Irrigation  Paper  No.  12, p. 47. 
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NEBRASKA— Continned. 


Location. 

County. 
Knox 

Depth. 

Diame- 
ter. 

Yield 
mmute. 

Heiffht 

of 
water. 

Btemarks. 

T;K.B.2,8ec.l7 

Fett. 

ore 

570 

905 

3,463 

1,060 

400+ 
473 

1,001 
448 
1,000-14900 

570 

400 

1,300 

1,970 

610 

580 

500 

(?) 

InckeM. 

Gallotis. 
50 
30 

Feet. 

Santee  Agency  Mis- 

 do 

Lancaster 

do 

24 

sion.* 
Lincoln   (sanita- 

rium).' 
Lincoln* 

-100 

Flows- 
Flows. 

-90 
-100 

Bait  water  at  344  and 

Lincoln  (Burlini«t<m 

Beach). 
Lincoln    (public 

...do 

do 

Madison 

do 

Many. 
Many. 

544  feet. 
Salt  water. 

Salt  water  at  560  feet 

.square). 
Tilden 

4 

and  1,050  feet. 

Norfolk 

Brownville  * 

Nemaha 

Otoe 

do 

do 

Pawnee 

Redwillow.. 

Richardson . . 

..      do 

Seward 

Sheridan 

York 

Nebraska  City 

Do 

4 

i 

+tt 

Mineral  water. 
Several  deep  wells  in 

progress. 
Salt  water. 

Do 

Dubois 

6 

8 

Uusuccessful. 

McCook  

Some   water   at   ifio 

FallsCity 

Rulo  (2  miles  west) . . 

feet. 

Coal  prospect. 
Aliandoned. 

Seward* 

No  flow. 

Gordon - 

Failure:    water   at 

York« 

+16 

180-18K  feet. 

Eric8on 

Wheeler 

Failure. 

■ 

■  Record,  Slst  Cong.,  Ist  sess..  Senate  Ex.  Doc.  No.  23s;,  pi.  op.  p.  55. 

"  Of'scriptions,  records,  etc.,  U.  S.  Oeol. Survey,  Water-Supply  and  Irrigation  Paper  No.  13. pp. 
2<  :)i):  Am.  Assn.  Av.  Science,  Proc.,  vol.  35,  p.  318;  Physical  Geography  and  Geology  of  Nebraska 
lAughey),  18W). 

'  KtHsord.  Am.  Assoc.  Adv.  Science,  Proc.,  vol.  35,  p.  218. 

*  Am.  Assoc.  Adv.  Science,  Proc.,  vol.  35,  pp.  317-219. 

*  Rocord,  U.  S.  Oeol.  Survey,  Water-Supply  and  Irrigation  Pai>er  No.  13,  p.  31. 
•Diid.,  pp.  33-34. 

PRINCIPAL   PUBLICATIONS   RELATING   TO   DEEP   BORINGS   IN 

NEBRASKA. 

nndergzx>and  Waters  of  a  Portion  of  Sontheastern  Nebraska,  by  N.  H.  Darton, 
United  States  Geological  Sarvey,  Water-Supply  and  Irrigation  Paper  No.  12,  56 
pagt^s,  maps,  plates,  Washington,  1898. 

A  Preliminary  Report  on  the  Geology  and  Water  Resonrces  of  Nebraska  west 
of  the  one  hundred  and  third  meridian,  by  N.  H.  Darton.  United  Stat 's  Geological 
Survey,  Eighteenth  Annual  Report,  1896-1897,  part  4,  pages  719-785,  Washing- 
ton, 1899. 

NEVADA. 


Location. 


Battlo  Mountain  ^ 
Do.« 


Dalamar. 

a 


Ely 

Sierra  Valley  < 
Vail  Ranch.... 


County. 


Lander 
do.. 


Lincoln  

Ormsby..  . 
White  Pine 

(?) 
Churchill.. 


Depth. 


Diam- 
eter. 


Yield 

per 

I  mmute. 


Height 
water. 


Feet. 
800 
650 

800 
400  I 
600  I 
1, 132  ! 
400 


Inches.  Oallons. 
6    

Feet. 

58 

6-7               5 

Several. 

3  ,          :«) 



1 

No  flow. 

Kemarks. 


Strong  flow. 
Several  flows  at  less 

depths. 
Unsuccessful. 
Several  wells. 

Hot  water. 


^  Nevada,  Report  Surveyor-General  aud  State  Laud  Register,  1801-92,  p.  73. 
«  Ibid.,  1889-90,  p.  82. 
>Ibid.,  1891-92,  p.  72. 
*  Ibid.,  1889-90,  p.  83. 
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NEW  HAJUPSniRE. 


Location. 

County. 

Depth. 

Diame- 
ter. 

Yield 

per 

minute. 

Heiffht 
water. 

Remarks. 

Dover  

Strafford 

Merrimac 

Hillsboro  .... 

Feet. 
400 

630 

Inches. 
6 
6 

8 

(fallotis. 
100 
Few. 

Few. 

Feet. 
No  flow. 
-16 

No  flow. 

Concord  

Well   abandoned: 

Manchester 

water  at  9B6  feet. 

HfKW  JTKRSEY. 


Allenhurst  * 

Monmouth  .. 
do 

530 
546 

448 

800 

l,130-l,rM6 

1,330 

578 

809 
1,160 

900 
654 
735 
730 
780 
763 

Flows. 
Flowa 
Flows. 

Flows. 

Flow. 

Flows. 

Flows. 

Flows. 

+5 

Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 

Do 

AsbnryPark* 

Do 

do 

do 

8 

651 

Good   water;    temp. 
60". 

Do 

do 

6 

1,000 

Two  wells. 

Do.» 

do 

Atlantic  City  < 

Atlantic  .... 
do 

8 

6 
8-4J 

'^ 

6-4» 
6 

8 

Water  at    intervals 

Do 

from  ^8  to  654  feet 

Do     

do 

No    water    960-1.130 

Do 

do 

50 

feet. 
Pumps  2900  gallons. 

Do 

do 

Do 

do 

Do. 

Do 

do  

Pumps  250  izallons. 

Do 

do 

150 
Many. 

Do 

do 

Do 

....  do 

Do 

do 

1,396 

805 
843 
813 

1,400 

480 
925 
430 
710 
885 
813 

670 
600 
430 
575 
445^-180 
640-660 
476 

621 
798 
712 
675 
466 
620 
715 
405 
500-i26 

lIMi 

8-4i 
6 
6 

10-4 

44 
10-4i 
3 

No   water   at    this 

* 

Do 

do 

40 
UN) 
105 

Flows. 
Flows. 
Flows. 

depth.       Several 
flows  above. 
Pumps  1^  gallona 

Do 

Do.... 

Do.*  

do 

do 

do 

Monmouth  . 
Cape  May  — 
Monmouth  .. 

Ocean 

do 

Pumps  400    gallons: 

temp.  66". 
No   water  at    this 

Atlantic  Highlands . . 
Avalon* 

250 
75 
52 

Plows. 
H 
Flows. 
Flows. 
Flows. 
Flows. 

Flows. 

depth.      Several 
flows  above. 

Avon  Inn^........ 

Bayhead 

Do 

Bayhead    (1    mile 

north).* 
Barnegat  Park  * 

do 

do 

Hudson 

Ocean 

do 

**-3 

85 

Bayonne 

Few. 

10 

125 

Beach  Haven" 

Do.« 

3 

8 

Flows. 

Flows. 
Flow. 
Flow. 

To  sur- 
face. 

*  Plows. 

Belmar* 

Monmouth  .. 
do 

Four  wells. 

Do 

Two  wells. 

Berkeley  Arms  *  ^ 

Bernards  vlUe 

Brigfantine  *■ 

Ocean 

Somerset 

Atlantic 

E^ssex 

6' 

4i 

60 

34 
100 
174 

Brookdale>' 

Burlington 

Cape  May  Point  ^*  ... 

Cape  May 

Unfinished. 

Crab  Island 

3 

Flows. 

Columbus** 

Burlingrton  .. 

Salem 

Monmouth... 

Dare  town** 

-100 

Dealbeach 

'6' 

Flow.     Two  wells. 

>  Record,  etc.,  New  Jersey  Oeol.  Surv.,  Report  for  1893, pp. 413-414. 

«  Record,  New  Jersey  Geol.  Surv.,  Reports  for  1883. p. 20;  1884. p.  124;  1885, p.  129. 

'  Record, etc.,  New  Jersey  Geol.  Surv.,  Report  for  18U5, pp. 7^74. 

•  Records,  etc. .  of  many  wells  at  Atlantic  City.    New  Jersey  Geol.  Surv.,  Reix>rts  for  1887, 1^88, 
1889, 1892, 18H3. 1804, 18a5, 1896, 1H97,  IWW,  and  1899. 

•  Record,  New  Jersey  Geol.  Surv.,  Report  for  1890, p. 90. 

•  Record,  New  Jersey  Geol.  Surv. ,  Report  1898, pp.  "tS  82. 

•  Record. etc.,  New  Jersey  Geol.  Surv.,  Report  for  1HS5,  p.  130. 

•  Record,  etc. ,  New  Jersey  Geol.  Surv. ,  Report  for  1883,  pp.  394-396;  1896,  p.  152. 

•  Records,  etc..  New  Jersey  Geol.  Surv.,  Report  for  1896,  p.  154. 

"  Record,  etc.,  New  Jersey  Geol.  Surv  ,  Report  for  1890.  p.  266;  1893, pp. aW-396. 

"  Record,  etc..  New  Jersey  Qool.  Surv  ,  Report  for  1S84,  p.  127;  1885,  p.  133w 

"  Record,  etc.,  New  Jersey  Geol.  Surv  ,  Report  for  1895,  pp.  77-79. 

'■Record,  etc..  New  Jersey  Geol.  Surv.,  Report  for  lH»7,pp.  227-229 

•*  Record,  etc..  New  Jersey  Geol.  Surv.,  Report  for  1885,  p.  140. 

»*  Record,  etc..  New  Jersey  Geol.  Surv.,  Report  for  ISJtt,  pp.  305-306. 

»•  Record,  etc..  New  Jersey  Geol.  Surv.,  Report  lor  1«»7,  pp.  2.50-253. 
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XEW  JERSEY— Continued. 


Location. 


PamunKdale  > 
FleminKtoxi  ... 
Fort  Lee 


Franklin* 

GreenwicJi  » ... 

Glassboro^ 

Harrison  ville  •_ 
Harvey  Cedars 

Do.* 

Hazlet' 

Hi^htstown'*... 
HoDoken* 


County. 


Honmoath. 
Hunterdon 


HolmdRl»« 

Jamesbur^:  •  * , 

Jersey  City  (Lim- 
beck's brewery).  *« 

Jersey  City  (Malone 
4c  Co.). 

Jersey  City  (Stock 
Yards). »» 

Jersey  City  (Com- 
manipaw). 

Jersey  City  (Sugar 
Refinery).  »> 

Jersey  City  (Cox's 
brewenr).^* 

Jersey  City  (Dixon 
Co.). 

Jerj<ey  City  (Col^^ate 
&Co.). 

Jersey  City  (Hud- 
son Canal  Co. ). 

Jersey  City  (Trac- 
tion Co.). 

Jersey  City  (Melil  & 
Co.).  »* 

Jersey  City  (Cool 
dock).** 

Joljstown.  '• 

Kearney 

LakeComo" 

Lakewood** 

Do." 

Loch  Arbor 

I>jnifport" 

Mantoloking 

Do." 

Moorestawn*' 

Morristown  (2  miles 

iwest). 

Mount  Holly 

Montclair    (Mount 

Prospect). 
Newark  (Balen  tine's) 
Newark     (Celluloid 

Co.). 
Xewark      (Citizens' 

(SasCo). 


Essex 

Cumberland 
Qloooester.. 

...do 

Ocean 

do 

Monmouth.. 

Mercer 

Hudson 


Monmouth. 
Middlesex.. 
Hudson .... 


.do.... 

.do... 

do... 

.do  .. 

do... 

.do... 

.do... 

.do... 

do... 

do... 

do... 


Burlington 

Union 

Monmouth 

Ocean  

do 


Depth. 


Atlantic  .  . 

Ocean 

do 

Burlington 
Morris 


Burlington 
£SM3X 


do 
Ao 

do 


Feet 
730 
405 
1,000 

400 
090 
511 
40S 
500 
GOO 
577 
428-500 
400 

601 
481 
7761 

500 

435 

500 

1,000 

400 

1,205 

1,500 

650 

2,200 

I.IXW 

450 

716 
(JOO 
5:{5 
475 
600-625 
562 
803 
790 
922 
457 
438 

675 
510 

529 

K.7 

600 


Diame- 
ter. 


Inches. 


I 


8 
4-2* 


4 

a-4i 


8-4 

8-0 

8 


8-<ij 


8-4 


5 


Yield 

per 

minute. 


GalUma. 


107 


155 


Heieht 
water. 


Feet. 


-161 


100 
120 


Many. 


Flows. 

+6 


52 
33 

50 


Flows. 


50 

Few. 

22 

15 

Few. 


150 


6 


6 


6 


7! 

lY)' 


50 


3i 
100 


180 
25 
60 


21 


45 

150 

200 

50 


Flows. 

-1-17 

-1-200 

Flows. 

Flows. 
+33 
+42 


-60 


Xoflow. 


RemarkH. 


Water  from  530  feet. 

Through    trap    into 
shale.    No  water. 

No  water  found. 


Bored  in  182S.    Rock 
at  40  feet 


Saltwater. 


Rock  35-1, 500  feet. 


No  water. 


BrackiHh  water. 


Several  wells. 
Temp.  06°. 


Impure  water. 
Soft  water. 


»  Record,  etc..  New  Jersey  Geol.  Surv.,  Report  for  1898,  pp.  98-100. 

a  Record,  etc..  New  .Jersey  Qeol.  Surv.,  Report  for  1884,  p.  127;  1885,  p.  l.'B. 

»  Record,  etc..  New  Jersey  Geol.  Surv.,  Report  for  188.^  p.  131;  1894,  pp.  190-193. 


Surv.,  Report  for  1HJ)4,  pp.  4()7-«K». 
Surv.,  Report  for  18%,  pp.  12l>-127. 
Surv.,  Report  for  1896,  pp.  106-168. 
Surv.,  Report  for  1897,  pp.  247-248. 
Surv..  Report  for  18W,  pp.  200-201. 
-      - —        •*"'    1882,  p. 


&;" 


■•  Record,  etc..  New  Jersey  Geol 

*  Record,  etc.,  New  Jersey  Geol 

*  Record,  etc..  New  Jersey  Gool 
'  Record,  eta.  New  Jersey  Geol 

*  Record,  etc..  New  Jersey  Geol 

*  Record,  New  Jersey  Geol.  Survey,  ReiK)rts  for  1879,  p.  I 
«  Ibid.,  Report  for  1895,  pp.  147-148. 

*  Ibid. ,  Report  for  1880,  p.  165. 

«  Ibid.,  Reports  for  1879,  pp.  i:»-i:J2;  1882,  pp.  l.'«-140;  188.5,  p. 

*  Ibid  ,  Reports  for  1880,  p.  172;  1S82,  p.  i;»;  1885,  p.  111. 
4  Ibid ,  Report  for  1898,  p.  140. 

•Ibid.,  Report  for  1888,  p.  77. 

*  Ibid.,  Report  for  1897,  pp.  247-248. 
'  Record,  etc.  New  Jersey  Geol.  Surv.,  Report  for  1894,  p 

^  Record,  etc..  New  .Fersey  Greol.  Surv  ' 

»  Record,  etc..  New  Jersey  Gool.  Surv 

'«•  Record,  etc.,  New  Jersey  Geol.  Siirv. 
'» Record,  etc.  New  Jersey  (ieol.  Surv. 
M  Record,  etc.  New  Jersey  Geol.  Surv. 


13J*:  1885,  p.  111. 


118. 


75. 


.,  Report  for  1885,  p.  131;  1884,  p.  12i">:  1895.  pp.  148-149. 
'.,  Report  for  1898,  pp.  %-i»8:  1899,  pp.  7:1-74. 


Report  for  1895,  pp.  83-85. 
Report  for  1895,  p.  77. 
Report  for  1893,  pp.  413-414. 
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DKEV   BORINGS   IN    THE    UNITED   STATES,   PART   II.  [no.  «L 


NEW  JERHEY—Continued. 


Location. 


Connty. 


Depth. 


I 


Newark 

Newark      (Balen- 

tine's).  > 
Newark  (smelter) ' . 
New  Brunswick ' 

Do.* 

Do 

North  Sprini^  Lake . 
OceanBoach^ 

Do.« 

Ocean  Grove* 

Do.» 

Ocean  City  • 

Do.* 

Do.»« 

Do 

Passaic 

Do 

Do 

Paterson" 


Essex. 
do 


Do 

Point  Pleasant' 3 

Poplar 

Reedy  Island ''  .. 
8ayrevllle>* 


Seabriffhti" 
Seagirt"... 


Seaside  Park  >V 
Sea  Isle  City'". 

Do" 

Secaucus*" 


Seven  IslandHT 

Do 

Sewell , 


do 

Middlesex  . 

do 

do 

Monmouth 

...  -do 

do 

do 

do 

Capct  May.. 

do 

do 

.....do 

Passaic 

do 

do 

....do 


do 

Ocean 


Middlesex  . 
Monmouth. 


Ocean 

Cape  May.. 

Hudson 


Smiths  Landing  " . 
South  Beach  Haven  '  * 

Spring  Lake 

Telegraph  Hill  2» 

Toms  River  2* 

Union  

Ventnor^* 

West  Asbury  Park  "« 

Waverly 

Wildwood 

Do" 


Gloucester. . . 

Atlantic  

Ocean 

Monmouth... 


WoodHtown 


Ocean  

Union 

Atlantic  ... 
Monmouth. 

Union 

Cape  May.. 


Salem . . 


Feet 
615 
450 

500 
455 

480 
976 
705 
485 
480 
420 
1,134 
HOO 
821 
760 
830 
402 
558 
1,000 
3.100 

900 
806 
520 
570 
976 


715 


Diame- 
ter. 


Indiea. 

6 
8 

8 
li 


Yield 

per 

minute. 


Oallons, 
656 

200 

500 


8 
6 
3 
3 
6 


755 

515 
464 

854 
600 


6 
6 


Few. 

7 

100 

25 

60 

40 


Height  - 

of       I 

water.   , 


Feet. 


140 

8 

Many. 
Many. 

8-« 

8 
8 

Many. 

240 

112 

Few. 

8-4 

100 
100 

45 

20 

7 

8 
6-4i 

3 

50 
16 

Flows. 
+34 

Flows. 

Flows. 

Flowa 

Flows. 

Plows. 

Flows. 

Flows. 
-28 
-28 


160 

8 

70 
60 


100 
10 


150  each 

Few. 

300 

10 


Flows. 

-30 

Flows. 


■5 


Flows. 

Flows. 

Flows. 

+14 

No  flow. 

Flows. 
Flows 


-17 

+14 

Flows. 


Flow. 
Flows. 


Flows. 
Flows. 


Remarks. 


Very  hard  water. 
Water  at  300-650  feet. 


Temp.  60". 


Water  at  400  feet. 

Water    at    900    f<^t 
only. 


Some  water  at  300 
feet 
Water    260-300.350- 

390, 685-715  feet 
Temp.  65^;  water  also 

at  570  and  694  feet. 
Temp-SS". 


Water  from  200  to250 
feet. 


Water  also  at  72.  3M. 
and  395  feet. 


Ten  wells. 

Four  wells. 

Temp.63«. 

Temp.   67":    watpr 

at  e25.  750.  843,  and 

1,185  feet. 


»  Record,  etc..  Now  Jersey  Geol.  Surv.,  Reports  for  1879,  p.  13rt;  1882,  p.  142;  1885,  p.  115. 
^  Record,  etc..  New  Jersey  Qool.  Surv.,  Report  for  1879,  p.  136;  1882,  p.  142;  ISK^i,  p.  114. 
'  Record,  etc..  New  Jersey  Geol.  Surv.,  Report  for  1879,  p.  KC;  ld82,  p.  147;  1885,  p.  lia 

•  Record,  etc..  New  Jersey  Geol.  Surv.,  Rei>ort  for  1887,  p. 27. 

•  American  Journal  of  Science,  3d  series,  vol.  30,  i).  162. 

•  Record,  etc..  New  Jersey  Geol.  Surv.,  Reports  for  1884,  p.  124:  1885,  pp.  129-131. 
'  Record,  etc..  New  Jersey  Geol.  Surv.,  Report  for  1894,  pp.  74-75. 

"  Record,  etc..  New  Jersey  Geol.  Surv.,  Report  for  1893,  pp.  398-399. 

•  Record,  etc..  New  Jersey  Geol.  Surv.,  Report  for  1896,  pp.  171-173. 
>«  Record,  etc..  New  Jersey  Geol.  Surv.,  Report  for  1892,  pp.  279-281. 

"  Record,  etc.,  New  Jersey  Geol.  Surv.,  Report  for  1879,  p.  128;  1882,  p.  14^};  1885,  pp.  115. 117. 
»3  Record,  etc..  New  Jersey  Geol.  Surv.,  Report  for  1895,  pp.  76-77. 
»»  Record,  etc..  New  Jersey,  Geol.  Surv.,  Report  for  1805,  pp.  141-142;  1897,  pp.  248-249. 
-  '  "    77. 


1899,  p.  1(10. 


"Ibid.,  Report  for  1898,  pp.  101-102. 

"  Ihid.,  Report  for  18W,  p.  288. 

»» Ibid.,  Report  for  18«5,  pp.  175-177;  1886,  p.  211; 

"  Ibid.,  Report  for  1879,  p.  129;  1880,  p.  172. 

«» Ibid.,  Report  for  1885,  p.  135:  1891,  pp.  2:J0-231. 

«» Ibid.,  Report  for  1809,  pp.  104-106. 

«»  Ibid.,  Report  for  1806,  p.  153. 

^*  Ibid.,  Report  for  1893,  pp.  399-400;  1894,  pp.  l.TO  180;  1898,  pp.  irC-lUl. 

«»  Ibid.,  Report  for  1898,  pp  76-78. 

«•  Ibid.,  Report  for  18«i.  pp  74-76. 

*T  Ibid.,  Report  for  1897,  pp.  247-248. 
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PUBLICATIONS   RELATING   TO   DEEP   BORINGS   IN    NEW  JERSEY. 

New  Jersey  Geological  Surrey,  Reports  of  the  State  Geologist  for  1868,  1879, 
lb82  to  1885, 1887  to  1889, 1890, 1893  to  1899. 

United  States  Greological  Survey,  Balletin,  No.  138,  Artesian  Well  Prospects  in 
the  Atlantic  Coastal  Plain  Region,  by  N.  H.  Darton,  pp.  89-115,  plates,  Washington, 
1896. 

NEW  MEXICO. 


Location. 


Doming 
Eddy*.. 
Oallap.. 


Guam 

Las  Vegas. 

Manuelito . 

Raton 


Do... 

Santa  Fe 


Connty. 


Grant 

Eddy 

McKinley... 

do 

San  Mignel. 

McKinley.. 

Colfax 


do.... 

Sante  Fe. 


Depth. 

Diame- 
ter 

Yield 

per 

minnte. 

Gallons. 
Many. 

Height 
water. 

Feet. 
980 
h600 
600 

eoo 

1,800 
610 

1,878 

1,872 
1.115 

Inches. 
6 

Feet. 
—  18 
No  flow. 
-2Sb 

10 

10 
6 

10 

6 

6 

Several. 

Several. 
Few. 
Few. 

-30 

-aoo 

-^300 

Remarks. 


Never  used. 

No  water  below  1% 
feet 

Strongly  mineral 
water;  abandoned. 

Unsatisfactory 
water. 

Two  wells;  abaa- 
doned. 


PUBLICATIONS   RELATING   TO  DEEP  BORINGS   IN    NEW    MEXICO. 

Report  on  New  Mexico,  by  L.  G.  Carpenter,  Fifty-first  Congress,  first  session, 
Senate  Ex.  Doc.,  No.  222,  pp.  233-241,  Washington,  1890. 

Report  of  P.  H.  Van  Diest,  on  the  G^logical  Conditions  of  Artesian  Basins  in 
Eastern  Colorado  and  New  Mexico,  Fifty-first  Congress,  first  session.  Senate  Ex. 
Doc.,  No.  222,  pp.  23a-241,  Washington,  1890. 

On  the  Occurrence  of  Artesian  and  Other  Underground  Waters  in  Texas,  eastern 
New  Mexico,  and  Indian  Territory  west  of  the  ninety-seventh  meridian,  by  Robert 
T.  Hill.  A  Report  on  Irrigation,  etc. ,  by  R.  J.  Hinton,  Fifty-second  Congress,  first 
session.  Senate  Ex.  Doc.,  No.  41,  part  3,  pp.  41-166,  Washington,  1893. 

NEW  YORK. 


Location. 

County. 

Depth. 
Feet. 

Diam- 
eter. 

Inches. 

Yield 

per 

minute. 

Height 
water. 

Remarks. 

AlbanT 

Albany  

Gallons. 

Feet. 

City  wells. 

Alexander    _      

Genesee 

Salt  well. 

a 

Allegany 

Wyoming — 

Cayuga  

do 

830-1,800 

1,960 

3.570 

3,400* 

1,068 

2.358 

2,250 

2,796 

560 

Important  field  of  oil 

Attica'  

wells,   embra c  i  n  g 
over  6,500  borings. 
Some    3,000    feet 
deep. 

Salt  well. 

Anbum  *        .... 

Gas  well. 

Do                   

Au  rora  * 

do 

Salty  water. 

Baldwlnsville     .  .    . 

Onondaga 

do 

do 

Saratoga 

6i 

*Gas  well. 

Baldwinsville  ( 1  mile 

south).* 
Baldwinsville  ( 1  mile 

Do. 

Do. 

north).' 
Ballston 

+60 

Mineral  water. 

» Record,  Report  on  Irrigation.  Fifty-second  Congre.ss,  first  session,  Senate  Ex.  Doc.  No.  41, 
part  2,  p.  16,  Washington,  l>m. 

•  Records,  Am.  Inst.  Mining  Sngineers.  Trans.,  vol.  16,  pp.  930-934. 
>  Record,  Report  of  Supt.  Onondaga  Salt  Springs  for  1888,  pi.  2. 

4  Record,  American  Geologist,  vol.  25,  pp.  Ii76-160. 

•  Record,  Report  of  Supt.  Onondaga  Salt  Springs  for  1888,  pi.  2. 

•  Record,  American  Geologist,  vol.  25,  pp.  loO-lSS, 
7Xbld.,p.l5i. 
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NEW  YORK— Continued. 


Location. 

County. 

Depth. 

Diame- 
ter. 

Yield 

per 

minute. 

Heiffht 
water. 

Remarks. 

Barker 

Niagara  

Queens 

do 

Feet 
2,175 
720 
740 

Tn,cke». 

Gallons. 

Feet. 

Salt.  oil.  and  sas. 

Barren  Island  * 

Do« 

6 

50 

Plows. 
Flowa 

Excellent  water. 

Batavia 

Qeneaee.^ 

Bath  (1  mile  south) . . 

Steuben 

Broome 

do 

Ontaria 

Monroe 

Kings 

do 

Erie 

2,0n0 
3,117 
2,000 

+750 
2,000 

682 
1,503 

400 

1,3G6 

51&^'S25 

560 

900 

2,200 

1,100 

760 
2,250 

Qas  well. 

Blnghamton' 

Binghamton   (north 

ot). 
Bristol* 

Salt  welL 

Brockport 

For  eas:   unsuooess- 

Brooklyn     borough 

70 

ful. 
Soft  water. 

(Calvary  Ceme- 
tery.)* 
Brooklyn     borough 

»-6 

6 
51 

Salt  water. 

(foot  of  Thirty- 
ninth  and  Fortieth 
streets). 
Buffalo 

Gas  well. 

Do.* 

do 

Do. 

do-.: 

Several  gas  wella. 
Gas  well. 

Do 

Burden ._ 

Columbia 

(j^reene 

Livingston  .. 

do 

Cairo  (31  miles  south- 

51 

8-6i 

-310 
-  25 

For  oil  or  gas;  aban- 

west).* 
Caledonia  ............ 

doned. 
Saltv,  sulphurous 

Do." 

water. 
Salt  well. 

Campbell* 

Steuben 

Ontario 

For  oil  or  gaa. 
Several  oil  wells. 

Canandaigua 

Canast'^ta               -    - 

Madison 

Steuben 

Onondaga 

Wyoming 

Onondaga 

Chautauqua . 
do 

648 
2,000 

844 
2,525 
1.157 
2,333 
2,262 
3,006 
710 
4.10 

\,7\ii 

1,975 

Bitter  brines. 

Canisteo 

Several  unsncceMfnl 

Cardiff* 

borings  for  gaa. 

Castile* 

Salt  well. 

Cedarville 

Do. 

Charlotte  Center**. . 

For  oil ;  unsuooessf  nl 

Do.  »» 

Do. 

Chittenango'a 

Madison 

Ontario 

Wayne 

Gas  well. 

Clifton  Springs  •» 

Salt  well. 

Clyde 

6 

-12 

Do.'* 

C)ymer(4mile8eaHt)'* 
Cohocton  (near) 

Chautauqua . 
Steuben 

Gas  well. 

For  oil. 

Carfu  (2  miles  west) 
Curlervllle*  

Qenesee 

Livingston  .. 

do 

Yates 

do 

/'"  i,2ii8 

t        1.248 

1,145 

1,800 

2,  CO) 

1,200 

1,889 

f        1,465 

t        1,503 

1,000^000 

1,7.50 
1,207 

1  ftRfl_2.nRn 

}       8-6i 

{ 

—16  and 
-1*5 

V^everal  gas  wells. 
Salt  welL 

DansvlUo 

Dundee 

Rock  salt  at  1 ,800  feet. 

Do 

Eaeleville   

Madison 

Erie 

East  ATirora* 

I 

• 

Salt  wells. 

KastBuffAln 

do 

/ 

1 

For  gas:  unaacoKiS 

Eden  Valley  " do 

Predonia'* Chatauqua... 

1 

Fulton**              Oswearo    . 



....!--          

ful. 
Salt  well 
Much    salty    w^ater; 

several  gas  wells  in 

vicinity. 
Several  gas  wells. 
Salt  well. 

Garden ville  1' i  Erie i             800 

(4a»i)ort Niagara 

2,007 
550 

Gas  at  1«06G  feet. 

Flows. 

>  Record,  N.  J.  Geol.  Surv.,  Report  1896,  pp.  155-156. 

Mbid..pp.  15«i  157. 

'  Kecord,  Geol.  .So<\,  of  Am.,,  Bull.,  vol. 4. pp. 93-94. 

*  Record,  Rept.  Supt.  Onondaga  Salt  Springs  for  1888,  pi.  2. 

*  Record,  U.  S.  (ieol.  Surv.,  Bull.  K»,  p.  \U. 

'  Rocord,  Am.  Inst.  Mining  Engineers,  Trans.,  vol.  16,  pp.  924-925. 
'  Record,  Am.  luHt.,  Mining  Engineers,  Trans.,  vol.  16,  p.  956. 

*  Record,  Report  Supt.  Onondaga  Salt  Springs  for  1888,  pi.  2;  Report  for  1885.  p.  llv 

*  Record,  (4eol.  Soc.  Am.,  Bull.,  vol.  4,  pp.  97-100. 
**  Record,  Pa.  2d  Geol.  Surv.,  Ropt.,  vol.  I »,  p.  335. 
»'  Ibid.,  pp.  325-326. 

'■^  Record,  Geol.  Soc.  Am.,  Bull.  vol.  4,  p  101. 

■^  Record,  Am.  Inst.  Mining  Engineers,  Trans.,  vol.  16,  p.  942. 

'«  Record.  Pa.  ad  Geol.  Surv.,  Ropt. ,  VoL  I»,  p.  228. 

*"  Analysis,  Am.  Inst.  Mining  Engineers,  Trans.,  vol.  16,  pp.  918-923. 

'*  Record,  Geol.  Soc.  of  Am..  Bull.,  vol.  4,  pp.  105-106. 

>)  Record,  Report  Supt.  Onondaga  Salt  Springs  for  1888,  pi.  2. 
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XKW  YORK— Continued. 


Ltocmtion. 


OetzTille 


County. 


Niagara. 


Depth. 


Yield 
^^^*     Imkiuto. 


Diame- 


Olen  Springs Schuyler 

Gowanda' '  Cattaraueus 

(ireenpoint* '  Onondaga 

Cireig Lewis   

(irf igsville  * Livingston . . 

HoIUs  Station  ^ Queens 

Honeoye '  Ontario 


Honeoye  Falla  * Monroe 


Howard  (one -half 
mile  west). 

Hud.son 

HomellBville-. 


Steuben. 


Columbia 
Steuben . . 


Do 

llUon* 


Ithaca 


Feet. 
1,4a) 

1.500 

l.TUO 

1,«MK) 

7U0 

1,138-1,145  ' 

406 

646 


1,501) 
2.000 

603 

1,50(J 


Inches. 


Ithaca     (one-fourth 

mile  south ).'^ 
Jamestown* 


do 

Herkimer... 


Tompkins.. 
do 


Chatanqua. 


1,522 
1,1% 


2.250 
2.250 
3, 1H5 

1,807 


6 
ft* 

61 


l(M5i 

8-54 
8-^54 


GaUinut. 


Onondaga. 

Albany 

do 


1,(M0 
a.  012 

2,2U) 


Jamesville  • 

Knowersville»» 

Knowersville  (44 
miles  north)." 

I^keviUe»2 Uvingston..  1,053 

Leicester do 1,165 

I>'roy»» Oenesee ;  878-1, OUJ 

Limestone i« Cattaraugus.  l,5(J0 

Liverpool :  Onondaga...  '  W)0-l,9«» 


4i 


Livingston. 

...do 

Niagara... 
Tompkins. 


Livonia  >» 

Uo 

Lock  port... 
I^udlowville 
Middletown Orange 

Do do.... 

Mobawk Herkimer 


Montf redvB  Mills Onondaga . . 

Morrisvilfe •• Madison  ... 

.Mount  Morris'' LiviugKt<m 

Naples ;  Ontario 


1.4.12 
1,100 


bhaft. 


Neveraink  (near) 


New  Dorp 

New  Kocnello 

New  York  City,  10th 

andWashingtonsts. 
New  York  City.  11th 

and  Greenwich  sts. 
New  York  City,2»th 

St. , near  Broad  way. 
New  York  City, 47th 

St.  and  4th  ave. 


Sullivan 


Richmond  . . 
Westchester 
New  York... 


...do 
...do 
...do 


1,821 

2,0m 

600 

420 

1.140 
1.889 
1,130-1,422 
1,«5(» 
1,400 

1,155 
5(A) 

1,047 

500 

600 


8 

10-8 

6 

6 


10 
6 


8 


>  Ibid. 

«  Ibid,  for  1884,  p 

»  Ibid.,  1888,  pi.  2 

*  Record,  U.  S.  Geol.  Surv.,  Bull.  1:», 


12-15;  1888,  pi.  2. 


:^o. 


30  31. 


Height 

of 
water. 


Feet. 


Remarks. 


-60 


I  Several    good   gas 
wells. 
For  oil:  unsuccessful. 
Rait  well. 

Bored  for  oil. 
Salt  wella 

Gas  at  610  feet;  sev- 
eral gas  wells  in 
vicinity. 

Gas  well. 

For  oil  or  gas;  unsuc- 
cessful. 

Gas  at  650,  040,  and 
1,2U)  feet. 

Gas  well 

Gas  in  small  quanti- 
ties at  800,  050,  and 
1,000  feet. 

Two  dry  salt  wells. 

Gas  welL 


80 


U(X) 

10 

1(K) 

100 


Unsuccessful  boring 
for  oil. 

Salt  well. 

Gas  at  497  feet  only. 

For  gas;   unsuccess- 
ful. 

Salt  well. 
Do. 

Salt  wells. 

For  gas  or  oiL 

Salt  wells. 

Salt  mine. 

Salt  well. 
Do. 

Salt  wells. 
Flows. 

-60     Two  wells. 

Sulphurous     water, 
unfit  for  use. 

Salt  well. 

Gas  well. 

Several  salt  wells. 

Salt  well. 

Gas    boring;     aban- 
doned. 

No  water. 


-30 


-10 
No  flow. 

No  flow. 

No  flow. 

No  flow. 


326. 


»  Record,  Pa.  2d  Geol.  Surv.,  Rejwrt.  Vol.  P,  p.  a 

•  Record,  American  Geologist,  vol.  25,  pp.  13a-i:i5 

^  Record  and  analysis.  Am.  Inst.  Mining  Engineers,  Trans.,  vol.  16,  p.  941;  Report  Supt.  Onon- 
aa»?a  Salt  Springs  for  1888,  pi.  Z 

*»  Record,  Pa.  2d  Geol.  Surv.,  Report,  Vol.  I*,  p.  126. 

»  Record,  Report  Supt.  Onondaga  Salt  Springs  for  1888,  pi.  2. 
**»  Record  and  analysis,  Am.  Inst.  Mining  Engineers,  Trans.,  vol.  16,  pp.  951-952. 
"  Am.  Inst.  Mining  Engineers,  Tran.s.,  vol.  IH,  pp.  95:V»54. 
>3  Record,  Report  Supt.  Onondaga  Salt  Springs  for  1888,  pi.  2. 
»  Ibid.,  Report  for  1^,  pp.  19-^. 
>  *  Record,  Pa.  Sd  GJeol.  Surv. ,  Report,  Vol.  H. ,  p.  272. 

•*  American  Geologist,  vol.  15,  p.  379;  N.  Y.  State  (reologist  Report,  1893,  vol.  1,  p.  13. 
'•  Record,  Geol.  Soc.of  Am..Bull.,  vol.4,pp.9(i  97;  Report  Supt.  Onondaga  Salt  Springs  for  1888. 
I>1.2. 

»»  Record,  Report  Supt.  Onondaga  Salt  Springs  for  1888.  pi.  2. 

IRR  61—0-^ 2 
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XEW  YORK-Continued. 


L«K;atioii. 

County. 

New  York 

,  .do 

do 

do 

do 

do 

do 

....  do 

do 

do 

do 

do 

do 

New  York  . . . 

do 

do 

Depth. 

1 

Feet. 
700 

1,200 

500 

tJ85 

605 

1,000 

1,056 

720 
500 
626 

448 

700 
700 

i,o:k 

609 

1,505 
1,504 

1,502 

635 

700 

2,000 

400 

900 

2,334 

Diame- 
ter.    ' 

Indies. 

8 

8 

Yield 

per 

minute. 

Height 

of 
water. 

Remarks 

New  York  City.  59th 
st.and  Uthave. 

New  York  City,  72d 
St.  and  8th  ave. 

New  York  City.  59th 

Gallons. 
100 

8 

80 

300 

Feet. 
Noflow. 

Noflow. 

Noflow. 

Noflow. 

No  flow. 

No  flow. 

Noflow. 

NoflrJW. 

Noflow. 
No  flow. 
No  flow. 

Noflow. 

St.  and  5th  ave. 
New  York  City,  92ti 

St.  and  3d  ave. 
New  York  City,  146th 

9 
10-8 

St.  and  8th  ave. 

New   York   City, 
Washington  Build- 
ing. 

New  York  City,  Man- 
hattan   Insurance 
Building. 

New  York  City,  Lib- 

8 

75 

80 

ertyandNasttau  Kts. 
New  York  City,  N.Y. 

Life  Ins.  Building. 
New  York  City,  Ful- 

ton Market. 

New  York   City, 
Broadway    and 
Bleecker  st. 

New  York  City,  La 
fayette  and    Bar- 
nard sts. 

New   York  City, 
Boulevard  and  72d 

St. 

New  York  City.  146th 

St.  and  8th  ave. 
New  York  City,  99th 

< 

8 

80 

80 

26 

500 

Har<l  water. 

8 

8 

8 
8 

8 

8 

8 

Noflow. 
No  flow. 

AUiudoned. 

St. 

Do 

11 

Noflow. 

Do. 

New  York  City, 67th 

St.  near  3d  ave. 
New  York  City,  67th 

St.  near  2d  ave. 
New  York  City,  Mor 

ris  and  Greenwich 

sts. 
Do 

do 

do 

do 

do 

1          -32 

( 

50            -38 

1 

40    Noflow. 
Noflow. 

1 

Do. 
Do. 
Do. 

Do. 

New  York  Mills  >  .... 

Oneida 

Schenectady. 

Chenango — 

.  .    do  

Gas  at  500  feet. 

Niskayana 

6 

75 

-20 

Norwich 

Small  amount  of  ca.*^. 

Do.a 

Do. 

Nunda' 

Livingston.  . 

Olean*    

Cattaraugus . 

Wyoming 

do 

...  do 

1,230 

1,182-1,194 

1,241 

2,108 

Gas  well. 

Pearl  Creek 

1     ■ 

Salt  wells. 

Pearl  Creek  (1  mile 

Salt  well. 

south). 
Perry* 

Heavy  bed  of  salt. 

Penn  Yan* 

Yates 

Small  supply  of  gas 

for  several  weeks. 
Gas  well. 

Phoenix 

Oswego 

Livingston... 
Erie 

2,600 
901-1,141 
770-1,500 

1,400 

Piflfard* 

Several  salt  wells. 

Port  Collx)rne' 

Several  small  gas 

Port  Jervls 

Orange 

Oswego 

wells. 
UnsuccessfuL 

Richland 

Numerous  gas  well:s 

Rock  City  (near )».... 
Rock  Glen' 

Dutchess 

Wyoming 

Oneida 

.  .    do 

1,471-1,546 
2.111 
1,6:J2 

1,436 

1,000-1,200 

1,145 

Oil  wells. 

Salt  well. 

Rome  * 

Gas  wells. 

Do.'o 

Gas  well. 

Saltvale' 

Wyoming 

Oswego 

do 

Salt  well. 

Sandy  Creek 

Numerous  oil  ^BvelK- 

Do." 

Gas  at  675, 766.  and  7^  > 

feet 

'  Am.  Inst.  Mining  Engineers,  Trans.,  vol.  16.  pp. 958-959. 

3  Record,  Geol.  Soc.  of  Am..  Bull.,  vol.  4,  p.  95. 

»  Record.  Report  Sunt.  Onondaga  Salt  Springs  for  1888,  pi. 2. 

•  Am.  Inst.  Mining  Engineers,  Trans.,  vol.  16,  pp.  039-940. 
6  Ibid. 

•  Record,  Report  Supt.  Onondaga  Salt  Spring  for  1884,  pp.  S0-2L 
'Record,  Am.  Inst.  Mining  Engineers,  Trans.,  vol.  17, p. 401. 

«  Record,  Pa.  2d  Geol.  Surv.  Rei)ort.  vol.  1^  i>.  100. 

•  Record,  American  Geologist,  vol.  25,  pp.  137-143. 
"Ibid.,  p.  145. 

»» Record,  Geol.  Soc.  Am.,  Bull.,  vol.  4,  p.  107. 
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NEW  Y'OllK— Continued. 


Location. 

Connty. 

Depth. 

Diame- 
ter. 

Yield      Height 
per            of 
minute,    water. 

Remarks. 

Saratoga  Springs 

Do 

Do 

Do 

Do 

Do 

Saratoga  Springs — 

Do     

Saratoga 

do 

do 

do 

do 

do 

Saratoga 

do 

Rensselaer... 

Seneca 

do 

Feet. 
400 

1,006 
600 
440 
5S0 
425 
47K? 
422 

1.000? 

3,54%) 
400-500 

1,500 

2,254 

419 

l,lli>-l,960 

400 

974-1,472 

Jnchea. 
6 
21 
6 
6 
6 
6 

Oallon*. 

2 
i 

i 
1 

Feet. 

+75 
Flows. 
+40 
+40 
-16 
+40 
-16 

Mineral  water. 

Bbodack  Landing 

Senoca  Falls .. .... 

Salt  will. 

Qas  well. 

Do     

Flow. 

Several  salt  wells  in 

Do. » 

do 

vicinity. 
Qas  well. 

Silver  Springs  « 

Springfield* 

Sy ra<niae  ( near )  * 

Tivoli 

Wyoming 

Otsego 

Onondaga 

Dutchess 

Onondaga  — 
Madison  ... 

Salt  well. 

•> 

No  flow. 

TuUy* 

Numerous  salt  wells. 

Uniontown .. 

Qas  well. 

L'tioa* 

Oneida 

....  do 

H60 

1,720 

1.96.S 

l,e«)-2,(BJI 

530 

4,2,  lU) 
1. 177 

oOO 
1,120 

400 
Av.  875 

2,38:3 

3,onj) 

1,321-1,5:30 

H2H 

1 

Qas  well. 

Do.' 

1 

Vernon"    ». 

do 

Wyoming 

Jeners<^)n 

Schuyler 

Allegheny  ... 

Ontario 

Broome 

< 

Queens 

Erie  

Qas  well. 

Warsaw*  

Numerous  salt  wells. 

Watertown  "* 

Small  flow  of  ga.s  at 

Watkina 

253  feet. 
Several  salt  wells. 

WelLsville  (4!    miles 

Oil  well. 

i>outhwest).'» 
W«^«it  Bloomfield  " 

5 

Qas  well. 

Whitneys    Point 

Sale  well. 

(uear>. 
Willet-*  Point    

Williamsville 

51 

No  flow. 

Three  wells;  two  un- 

Wolcott »> 

Wayne 

Queens 

Stenben 

Wyoming 

Livingston. . 

successful. 
Qas  well. 

Woo<lhaven  *  ■* 

Woodhull 

....  +50 

Unsuccessful  oil 

Wyoming'^ 

well:  flow  of  water 
at  3U)  feet. 
Salt  wells. 

York'* 

■ 

Salt  well. 

1  Record.  Am.  Inst.  Mining  Engineers.  Trans.,  vol.  It),  p.  949. 
»  Record,  Rept  Supt.  Onondaga  Salt  Springs  for  1KS.S,  pi.  2. 
3  Record,  U.  H.  Qeol.  Surv..  Bull.  i;j.s,  p.  2S». 

*  Record,  Qeol.  Soc.  Am.,  Bull.,  vol.  4.  pp.  1(12-105:  Am.  Inst.  Mining  Engineers,  Trans.,  vol.  16, 
p.  944;  Rept.  Supt.  Onondaga  Salt  Springs  for  1SS8,  pi.  2:  for  1884,  pp.  K>-18. 

*Kecord,Qeol.  Soc.  Am.  Bull,  vol.  4,  p.  105;  Rept.  Supt.  Onondaga  JSalt  Springs  for  1888,  pi.  3. 

*  American  Geologist,  vol.  25,  p.  137. 

'  Record,  QeoL  Soc.  Am.,  Bull.,  vol.  4, p.  100. 
»  Record,  Am.  Qeol.  vol.  25,  j)p.  145  149. 

*  Record.  Rept.*  Supt.  Onondaga  Salt  Springs  for  1888,  pi.  2. 
JO  Record,  Qeol.  Soc.  Am.,  Bull.,  vol.  4,  p.  lof. 

» »  Record,  Pa.  2d  Qeol.  Surv.,  Ann.  Rept.,  188(J.  part  2,  pp.  774-n5. 

»*  Am.  Inst,  of  Mining  Engineers,  Trans.,  vol.  13,  p.  542. 

»3ibid.,rol.  16,p.  943. 

I*  Record,  U.  S.  Qeol.  Surv.,  Bull.  138,  pp.  31-32. 

»*  Record,  Rept.  Supt.  Onondaga  Salt  Springs  for  1888,  pi.  2. 

»«Ibid. 


PRINCIPAL     PUBLICATIONS     RELATING     TO     DEEP     BORINGS     IN 

NEW    YORK. 

Annnal  Report  of  Superintendent  of  Onondaga  Salt  Springs  for  1888,  26  pages, 
plates.  Albany,  1889. 

The  Thickness  of  the  Devonian  and  Silurian  Rocks  of  Central  New  York,  by 
C.  S.  Prosser,  American  Geological  Society,  Bulletin,  vol.  4,  pp.  91-118,  Rochester, 
189:  J. 

United  States  Geological  Survey,  Bulletin  No.  138, 232  pages,  Washington,  1896. 

Gras  Well  Sections  in  the  Upper  Mohawk  Valley  and  Central  New  York,  by 
C.  S.  Prosser,  American  Geologist,  vol.  2,"),  pp.  131-162.  March,  1900. 

Petroleum  and  Natural  Gas  in  New  York  State,  by  C.  A.  Ashburner,  American 
Institute  of  Mining  Engineers,  Transactions,  vol.  16,  pp.  906-953. 
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DEEP    BORINGS    IN    THE    UNITED   STATES,   PABT   II.  [no.  81. 


NOKTII    C  AIIOLINA. 


Location. 


Charlotte.. 
Davidson... 

Duiham 

Gold  Hill.. 
HammockB 
Monroe 


County. 


Do 


North  Wilkosboro. 

Sanford  

Selma 

Walnut  Cove 


Do(l  milefM>uth) 


Wilmington, 
Do 


Mecklenberg 

.  ..do 

Durham 

Rowan 

New  Hanover 
Union 

do 


Wilkes.. 
Moore  — 
Johnston . 
Stokes  . . . 


do 


New*Hanover 
do 


Depth. 


Feet. 
900 
500 
1,087 
1.000 
400 
720 

1,030 

600 
515 


1,060 

495 
1.144 


Diam- 
eter. 


Inches, 
2 


6-^ 

8-fl 

8 
6^ 


Yield 
mmate. 


Gallons. 


12-« 


Height 
water. 


Feet 


18 


8 
28 

28 

85 
45 


200 


No  flow 
-  20 


Remarks. 


To  sur- 
face. 
Near 

surface. 


Flows. 


Dry. 

Dry  Ijelow  80  feet. 

Shaft  sunk  for  gold. 
Water  at  100  feet. 


Uncompleted. 

Two  deep  wells. 
Unsuccessful;   bored 

for  coal. 
Good  flow  of  mineral 

water. 
Saline  water. 
Flows  of  brackish 

water  at  379,   41M. 

574, 6(1H.  7:W,  and  W9 

feet :200-ga1  Ion  flow 

at 518  feet:  granite. 

I,l09feet  to  bottom. 


PUBLICATIONS    RELATING    TO   DEEP   BORINGS   IN    NORTH 

CAROLINA. 

Artesian  Well  Prospects  in  the  Atlantic  Coastal  Plain  Region,  by  N.  H.  Darton, 
U.  S.  Geological  Survey,  Bulletin  No.  188,  232  pages,  plates,  Washington,  18d6. 

XORTII   DAKOTA. 


Location. 


Bismarck » 

Devils  Lake  ^ 

Dickinson 

Ed^eley 

Ellendale* 

Do» 

Grafton" 

Hamilton  City  3 

Jamestown      ( a  s  y 

lum).' 
Jamestown  >    

Mandani 

Medora^ 

Oak(^^ 

Portland , 

Rutland^ 

Slmsi 

Staples 

Towers  City' 

Wimbleton* 


County. 


Burleigh . . 
Ramsey  . . 

Stark  

Lamoure  . 

Dickey 

do 

Walsh  ... 
Pembina  . 
Stutsman 

do..... 

Morton  .. 
Billings . . 
Dickey. .. 

Traill  .... 
Sargent.. 
Morton  . . 

Cass 

Barnes... 


Depth. 


Feet. 
1,315 
1,520 
1.325 
1.354 

860 
1,0H7 

912 
l,5rt5 
1.534 

1,470 

2,000 
941 
977 

.560 
600 

1,311 
514 
716 

l,55i 


1 

Diam- 
eter. 

Inches. 
H-4 
8  3 

Yield 

per 

minute. 

Height 

of 
water. 

Remarks. 

Gallons. 

Feet. 

No  flow. 

82 

+46 

Flow  at  1,470  feet. 
No  flow. 

6 

500 

+  138 

+138 
+260 

Water   at   I,aOO  and 
1,350  feet. 

4|-3f 

8 
6 
8-;}i 

6i-3i 

10-4 
4 

700 
700 

m 

4 

460 

3 
3:) 

Wateh  at  1,042  feet. 

+60 
+  161 

Water  at   1,385  and 

1,458  feet. 
Water  at327  feet  only. 

+341 

Water  at  790, 845, 870. 

2 

175 

Flows. 

and  937  feet. 

No  flow. 

"(j^i 

25 
20  25 

2or) 

1 

+115 
+1»2 
+184 

>  U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  18ft5-«).  part  2.  pi).  59-(W. 

*  Record,  5l8t  Congress,  1st  session.  Senate  Ex.  Doc.  No.  222,  pp.  107-108,  Washington.  18B0. 

*  5l8t  Congress,  Ist  session.  Senate  Ex.  Doc.  No.  222,  p.  322,  Washington,  1890. 
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PRINCIPAL     PUBLICATIONS     RELATING     TO     DEEP     BORINGS    IN 

NORTH  DAKOTA. 

Reix>rt  of  F.  S.  Underhill  for  North  Dakota,  Fifty-first  Congress,  first  session, 

Senate  Ex.  Doc.  No.  222,  pp.  105-109,  Washington,  1890. 

Report  on  Irrigation,  Fifty-second  Congress,  first  session.  Senate  Ex.  Doc.  No. 

41,  part  2,  pp.  66-72,  87-94,  Washington,  1893. 
Preliminary  report  on  Artesian  Waters  of  a  portion  of  the  Dakotas,  by  N.  H. 

Darton,  United  States  Geological  Snrvey,  Seventeenth  Annual  Report,  1895-96, 

part  2,  pp.  609-694,  Washington.  1896. 

onio. 


Location. 


Ada> 


Amanda  Tow  OHhip . 

Akron'  

Do.» 

Arcadia^ 

Arcanaxn* 


Arlington  *. 


Ashtabnla^  .. 


County. 


Hardin 


Allen 

Summit . 

do   . 

Hancock 
Darke   .. 


Hancock 


Asbtabola 


Athens Athens.. 

Bairdstown Wood  ... 

3airdstown  (li miles  I do  ... 

north).*  I 

Bairdstown(near)*.., do... 

Barnesville  *^ i  Belmont 

Beaverdam  Allen 


Beaverdam  (5  miles 
east)." 

Belden  (near) 

Bellaire" 

Belle  Center »» 


Hancock 

Lorain . . 
Belmont 
Logan... 


Depth. 


Feet. 
1,3»4-I,a20 


1.200 
2.250 
2.460 
1.3tt5 
+1,150 

1,904 


500 


±1,200 
1.058 
1,154 

1,154 
2,700 
l,90e 

1,288-1,290 


Diain 
eter. 


Inches. 


Yield 

per 

minute. 


Height 
water. 


10-54 


(iallouH. 


i;> 


Belief ontaine » * 

Bellevne** 

Belpre  • 

Berea  (2^  miles  north- 
east).'^ 

Birmingham » " 

Bloomingville'* 

Do 

Bloomdaleso i 

Bloomville"! , 

Bluffton" } 

Bowl  ing  Green  »* . 

Do«*  ! 

Bradner'* 

Brooklyn  Village  2«    ' 


do 

Huron 

Washington 
Cuyahoga — 

Erie 

Hooking 

do 

Wood 

Seneca 

Allen  

Wood 

do 

do 

Cuyahoga 


Brownhelm^^ Lorain 


1,550,2,700 
+  1,310 

1,500 

1,700 

+1.740 

960-1,240 

2,250 
628 


1.115 
2,  i5() 
1,328 
±1,300 
1,152 
1.244 
1,033 

740 


RemnrkH. 


Several  >vel]s  for  ffoa; 

some  successful, 
I      others  Yield  only 

flows  of  salt  water. 
Salt  water  at  20  feet. 

Some  gas  at  172  feet. 

Uas  at  1,180  feet. 

Oas  prospects;  small 
product. 

Some  oil  and  gas  at 
l.:X)4  feet.  Aban- 
doned. 

Gas  from  2S0  to  500 
feet.  Strong  brine 
at  400  and  500  feet. 

(Ml  and  gas  wells. 

Gas  wells. 

(jas  well. 

For  gas.  Abandoned. 
Gas  wells. 

For  oil;  salt  water 
found.  Abandoned. 
Gas  wells. 

Many  oil  wells. 
.Small  gas  wells. 
Very  small   flow  of 
gas. 
Do. 
For  gas,  unsuccessf  u  L 

Several  gas  wells. 

Salt  water  only. 
Small  flow  of  oil. 
Two  borings. 
Large  flow  of  gas. 
For  oil  unsuccessful. 
Unsuccessful. 
Gas  well. 

Large  volume  of  gas. 
Small  flow  of  oil. 
Several  gas  wells  in 

vicinity. 
A  little  gas  and  oil. 


»  Ohio  Geol.  Surv.,  Report,  1888, vol.  6,  p.  219; 

report  for  1890,  pp.  184-186. 
»  Record,  Ohio  Geol.  Surv.,  Report,  1888, vol. 

6,  D.  319. 
» Ibid.,  pp.  357-368. 

*  Ibid.,  p.  217. 
»Ibid.,pp.  272-27a 

•  Ibid.,  p.  218. 

» Ibid.,  pp.  424-425. 

•Ibid.,  pp.  229-2:12. 

•Ibid.  pp.  232-233. 
»« Ibid.,  Report,  1890,  p.  254. 
«» Ibid.,  Roport,  1888,  vol.  8,  pp.  215-216. 
>»Reoord,  ibid,  p.  406. 
1*  Record,  ibid,  p.  Sd7. 


»«  Record,  ibid,  pp.  266-287. 

•*Ibid.,  pp.  214-215. 

••Ibid.,  p. 401. 

"  Records,  ibid,  pp.  433-436. 

•"  Ibid.,  pp.  346-347. 

'•Record.  Ohio  (Jeol.  Surv.,  Report,  1888, vol. 

6,  pp.  393-;m. 
«oibid.,  pp.23;}-234. 
"Ibid.,  p.  201. 
"Ibid.,  p.  216. 

''Ibid.,  pp.  156-15i^  pi.,  p.  112. 
« Ibid.,  p.  im. 
''»IV)id.,p.207. 
'>nbid.,pp.  4;K)-431. 
"  ibid.,  pp.  437-438. 
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OHIO— Continued. 


Location. 


Bruwuhelm '* 

Brown  Township 

Bryan « 


Coujity. 


Lorain . 
Vinton. 


Williama. 


Depth. 


Diame- 
ter. 


Feet 
635 
1,000 

1,974-2,037 


Inches. 


1U-&I 


Buckeye  (east  of )  *. 
BncyruH* 


Cadiz  oil  aeld<^ 
Cambridge*... 


Camden^ 

Canal  Dover"*. 


Cannonsburg'. 
Canton  »o 


Do 

Cardington  »• 

Carey  and  vicinity  '  ^ 


Carroll" 

Cellna»< 

C}iic»K<)  Junction '  ^ 

Circle  ville 

Cincinnati  (vicinity). 


Knox 

Crawford . 


Harrison  . 
Quernsey. 


&iO-2,2B4 


Preble 

Tuscarawas 


Hancock 
Starke . . 


...do... 
Morrow . . 
Wyandot 


Fairfield . 
Mercer  ... 
Huron    .. 
Pickaway 
Hamilton 


1, 000-3, 000 

90O 
2,760 


Yield 

per 

mmuta 


Gallona. 


1,300 
2,320 

+3,135 

±3,300 
l,33tV-l,.'i0l) 


2,300 

1.147-1.168 

l,3r)0 


I 


Height 
water. 

Feet. 


Remarks. 


M' 


55 


Cleveland  •« 

Cleveland  (gas  com-  i 

pany)."  1 

Cleveland  (Euclid 
■  undCaBeavenues).>^ 
Cleveland  (Rolling 

Mill).'"  I 

Cleveland    (Central  \ 

avenue). 
Cleveland  (G  o  r  d  o  n  I 

Park)." 
Cleveland    (2    miles 

ea«t).»»  I 

Clyde«« I 

Coldwater  (3^  miles  , 

east).  I 

Columbus  Grove'3  . . 


C/Uyahoga. 
do 


4(1^ 


do 
do 
do 
.do 
do 


1,125 


Sandusky 
Mep<'er... 


Putnam 


Columbus  =* Franklin 


do 


Cclumbus    (Stato 

House)." 
Conneaut** 

Do   

Coshocton  *■' 

Do."* 

D«.2» 

Coventry  Township  |  Summit 

Covington  '" Miami . . 

Cn^stline^'..  

Cri(lc«rsville 


Ashtabula  . 

...  do 

Coshocton  . 

-  .  do  , 

...do 


1,500 
2.31)0 

1 ,  735 

3.000 

535 

530 

rm 

1.8.50 
1, 1(K) 

1,278 

2,030 
2,775 


850 

|1,»42 

2,108 

1.280 

3,  IdO 


Some  oil. 

Oil,    gas,    and    salt 

water. 
Gas  and    oil  wells; 
yield   small:     salt 
water  at  2, 037  feet. 
Gas  wells. 

For  gas  or  oil;  salt 
water  flow  at   TsO 
feet. 
Fair  flow  of  oiL 
.'  Gas    and   oil   wells; 
I      yield  small. 
■  Gas  well. 

,  Little  gas  and  salt 
I      water. 
Several  oil  wells. 
For  oil.  but  only  salt 
water  found. 

Gas;  small  flow. 
Several    fjras    wells; 

some    yield    large 

sunply. 
Unsucce.ssful. 
Gas  wells. 


Numerous  oil  or  gas 
I    welLs:  unsuct^essful. 
Several  gas  welU. 
No  product. 

Small  flow  of  gas. 


Many. 


100     Large   supply   of 
water. 
Abandoned. 


Ri(*hland . 
Auglaize. 


2,WV4 


8-54 


6-4 


For  oil  and  coal, 

successful. 
Unsuccessful. 


un- 


15?, 


+5 


Gas  at  740  feet;  some 

oil  at  bottom. 
No  gas  or  oil. 
Saline   water   Iwlow 

675  feet;  tomn.  M'. 
Small  gas  supplv. 
Much  strong  brine. 

Unsuccessful. 
Do. 


o- 


»  Record,  Pa.,  3d  Geol.  Surv.,  Report  II,  p.  282. 
'^  KtM-ord.  Ohio  (it'ol.  Snrv.,  Report,  1888,  vol. 
0,  pp.  247-249. 78*5. 

3ii>id.,  pp.  :uo^j. 

*Ibid.,pp.  »j;)-.%4. 

ft  Ibid.,  Report,  185*0,  pp.  2ri0-252. 

•  I  hid..  Report,  1888,  vol.  (5,  pp.  ;J20,  377-.-J78. 

»   bid.,]).  aiS. 

•*  J»id.,  pp,  :J20,  3G9-370. 

"Ibid.,  p.  217. 
'"Ibid.,  pp. 35S>-;«50. 
' '  Ibid.,  pp.  28:J-284. 
«-Mbid.,  pp.  203-207. 
'"Ibid,  p  388. 
><  Record,  Ohio  Geol.  Surv.,  Report,  1888,  vol.  k\. 

pp.  259-380. 
»»Ibid.,  pp.  .SliO-aSl. 
'Mbid.,  pp.  429-430. 
"Ibid,  p.  430. 
"GeoL  Boc  Am.,  Bull.,  vol.  8,  p.  10. 


:  Small  supply  of  gas 

—40     Oil  and  salt  water. 

"•  RtHjord,  Mich.  Geol.  Surv.. Report,  1881-1«S«. 
vol.  5,  iMirt  2.  p.73:  Ohio  Geol.  Surv.,  Report, 
vol.  1.  pp.  :J52-,355;  Ohio  Geol.  Surv.,  Rop<»rt, 
1888,  vol.  6,  pp.  :J51-;J55. 

«•  Geol.  Soc.  Am.,  Bull.,  vol.  Kjt.  10. 

'"  Economic  Geology  of  111.,  vol.  3,  pp.  195-6t 

«»()liio  Geol  Surv.,  Report,  1888,  vol.  6,  p.  214. 

33  Ibid,  p.  242. 

«*  Record,  ibid.,  pp.  281-38a 

«»  Reconi,  ibid.,  pp.  106-108-  Am.  Journal  Sci- 
ence, 2d  series,  vol.  37,  p.  376. 

"Ohio  (}eol.  Surv.,  Report,  1888,  vol.  6,  pp. 
422  \'£>\ 

«'  Record,  ibid.,  p.  324. 

aMbid..p.368. 

2"  Ibid.,  p.  3  57;  Report  for  1890,  pp.  24.V346. 

»"  Ihid.,  p.  274. 

»'  Record,  Ohio  Geol.  Surv.,  Reiwrt.  18W,  vol.d 
pp,  303-304. 
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OHIO— Continued. 


Location. 


County. 


Depth. 


Dayton  * 

Do.» 

Defiance  ...: 

De  Graff* 

De  Graff  ( 1  mile  west) 

Delaware* 

Delphos^ 

Delphoe  (Kill  farm)* . 

Delta» 

Deshler' 


Dexter  (near), 

Dresden* 

Do.i« 

Duchonqnet  .. 


Montgomery 

do 

Defiance 

Losan 

...-do 

Delaware 

Allen 

...do 

Pulton 

Henry  


Noble 

Muskingum 

do 

Auglaize  ... 


Dudley Noble.. 

Dunkirk" I  Hardin. 


Dunkirk  »» ' do.. 

Eagle  Mills  '  Vinton 

Ea^iesport*' Morgan 


....do 

Columbiana 
.  ..do 


Do 

'East  Liverpool  »*   .. 
Ela»t   Liverpool  (on 

Dry  Run).**             i 
East   Liverpool  ; do. 

(Knowles  well).        ! 
Eaton '• '  Preble 


Elnore»' 
Elvria*". 


Ottawa 
Lorain . 


Felicity »» Clermont 


Findlay  »" 


Do.»» 


Hancock . . 
do.... 


Findlay  (1  mile  north- do . . . 

we«t)."  i 

Flushing    (1    mile  i  Belmont 

northeast).^'  I 

Forest «< |  Hardin.. 

Forest  ( 3  miles  south- ! do  . . 

west).  I 

Fort  Jennings '  Pu  tnam . 

Fort  Recovery  •• Mercer . . 


Fo8toria«« 

I^^emont  and  vicin- 
ity.'' 

Do." 

GaIUpolia«» 

Geneva  *« 


Genoa"* 

G  reen  vflle  '* 


do 

Gallia  .... 
Ashtabula 


Ottawa 
Darke . . 


Feet. 
870 
2,440 
1,687 
1.356 
1,:300 
2,11)0 
1,250 
1,218 
2, 150 
1,600 


Diame- 
ter. 


Inches. 


H-5i 


Yield 

i>er 

minute. 


(Gallons. 


2.525 
-i-l,0(JO 


Seneca 

Sandusky 


Height 

or 
water. 

Feet. 

ao6' 


Remark 


1, 


1. 


1,865 

1,370 

two 

1,134 

1,152 
425-450 

i:3,<X)0 

170-1,375 

+1,250 
987 


400 
116-1, 33t 

1,648 


1,334 

1,680 

1,470 
480 

1.425 
1,052 


I.iaVl,775 

i,:ioo-l,5()t) 


56S 

2,«lo 

850-1,375 


1,308 
1,300-1,700 


*  Record,  Ohio  Geol.  Sur v., Report,  is^^S,  vol.  (}, 

p.  288. 
« Ibid.,  p.  286. 

•  Ibid.,  p.  268. 

*  Ibid.,  p.  270. 
» Ibid.,  p.  240. 

•  Ibid.,  Report  1890,  p.  2lt. 

f  Ibid.,  Report  1888,  vol.  6,  pp.  244-245. 

» Ibid.,  p.  253. 

»Ibid.,  Report  IWM).  p.  246. 
»«  Ibid.,  Report  1888,  vol.  6,  p.  376. 
II  Ibid.,  p.  &3. 
»« Ibid-,  Report  1890,  p.  186. 
"  Ibid.,  Report  18KK,  vol.  6,  pp.  ;;sj>-3ao. 
"Ibid., pp.  331 -3:W 
>»  Ibid.,  pp.  322-323. 
»« Ibid.,  pp.  108.284. 
»'  Ibid.,  pp.  211-312. 


8-« 


—446 


Some  shale  gas. 

Salt  water  only. 
Some  oil  and  gas. 

Unsuccessful 

Do. 
Oil  well. 
Unsuccessful. 
Only  small    flow  of 
gas. 


UnsucceasfuL 
Two  wells  of  moder- 
ate flow. 

For  gas:  only  salt 
water  found. 

Large  flow  of  oil. 

Salt  water. 

Salt  water;  aban- 
doned. 

Oil  rines  to  40  feet. 

Several  gas  wells. 
Dry. 

Several  wells;  unsuc- 
cessful. 

Two  oil  wells. 

Small  gas  supply  and 
hpavy  flow  or  salt 
and  sulphur  water. 

Gas  well. 

Man  Y  gas  wells;  some 
oil  in  several  wells. 

Gas  well;  oil  at  1,092 
feet;  salt  water  at 
1,581  ft'ot. 

Unsuccessful. 

Salt  water  only. 

Unsuccessful. 
White    sulphur 

water. 
Salt  water. 
Gas   for   several 

mouths. 
Several  gas  wells. 
Do. 

Gas  well. 

For  oil:  unsuccessful. 

Two  wells;  fair  flow 

of   gas:   numerous 

other  wells  in  the 

county. 
Small  flow  of  oil  and 

gas. 
Several   liorings  for 

gas;  unsuccessful. 

»« Ibid.,  pp.  347-348. 

'•Ibid.,  p.  301. 

ao  Ibid.,  pp.  122-133, 146;  Report  for  1890.  p.  125. 

21  Ibid.,  Reiwrt  1H88,  vol.  6,  pp.  111-117. 

"  Ibid.,  pp.  131-i:)2. 

"  Ibid.,  Report  18iH),  pp.  253-2&4. 

a«  Ibid.,  Report  1888,  vol.  0,  p.  223. 

2»Il)id.,  pp.  263-2»J4. 

2«  Ibid.,  pp.  192-11«,  146,  2»4. 

2T  Ibid.,  pp.  1S3-189. 

«"  Ibid.,  p.  188. 

^^  Record,  Pa.  2d  Geol.  Surv.,  Reports,  vol.  I», 

p.  ;Bo.      • 
30  Record,  Ohio  Geol.  Surv.,  Report,  1S88,  vol.  C, 

pp.  42.V426. 
3»  Ibid.,  p.  213. 
"Ibid., pp.  271-272. 
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OHIO— Continued. 


Location. 


Hamden. 


Hamilton  < 

Hammansburg  ^  . . 

Harrlsbarg^ 

Hasklns 

Henry  Township  * . 

Do.» 

Hlck8ville« 

Hllisboro^ 


Hantsville 

Independence  ^ 


Ironton* 

Island  Run  10.. 

Jackson  1^ 

Jamestown.  .. 
Jerry  City » a.. 


Joy 


IS 


Kalida    (1 

north).  ^* 
Kenton  »* 

Do 

Kimbolton  ". 

Do 

L#acarne" 

Lafayette*".. 
Lancaster  »•.. 

Do." 

Lebanon  ^^ 


mile 


County. 


Depth. 


I  Diame- 
ter. 


I   Yield 
per 
I  minute 


Vinton . 


Butler 560^700 

Wood 1,194 

Franklin 405 

Wood 

do 1.125-1,150 

do 1,212-1.295 

Defiance 1,710 

Highland....  1,750 


Feet. 


7S0 


Logan 

Cuyahoga... 

Lawrence... 
Columbiana 

Jackson 

Greene 

Wood 


Morgan 


Putnam . 


Inches.  Gallons. 


Height 
wat-er. 


Feet. 


Remarks. 


6     Many.     Flows. 


1,400 

1,800 

3,000 
000 
1,000 
1..500 
1,155 

1,240 


1.316 
1,600 


1,087 


1,700 


Lelpsic** 


Lima" 


Lindsey  »* 


Lisbon  a» 

Little  Sandusky 

Logan'''* Hocking 


Hardin 

do 

Guernsey.. 

do 

Ottawa 

Madison 

Fairtteld I  1.030 

do 1.940  2,020 

7(M)  and 
1.3!)0 
1,456 


Warren . , 
Putnam  .. 


Allen 


Sandusky 


Columbiana 
Wyandot  ... 


Do.... 
London '-" 

Lorain  8*  . 


do... 

Madison 

Lorain  .. 

Vinton . . 
Vinton . . 

McComb" '  Hancock 


Lone  Star  . 
McArthur. 


1,200-1,400 


1,241-1,300 


1,582 

1,450 

635-689 

1,002 
1,585 

+600 

1,100 
900-1,000 

1,455 


4K>« 


8-5* 


»  Record.  Ohio  Geol.  Surv.,  Report,  1888,  vol.  6, 

pp.  202-293. 
'Record,  ibid.,  p.  237. 
■Analysis,  LJ.  S.  Geol.  Surv.,  19th  Ann.  Rept., 

1897-1898.partl,  p.  6614. 

*  Record,  Ohio  Geol.  Surv.,  Report,  1888,  vol.6, 

pp.  2:J7-238. 

*  Record,  Pa.  3d.  Geol.  Surv.,  Ann.  Report  for 

1886,  part  2,  p.  786. 

•  Record,  Ohio  Geol.  Surv.,  Report,  1888,  vol.  6, 

pp  25(U251. 
»  Analysis,  ibid,  p  297. 
*Ibid.,p.4;U. 

•  Record,  ibid.,  pp.  304-306,  319 

»o  Record,  Pa.  2d  Geol.  Surv  ,  Ann.  Report,  1886, 

part  2,  pp  784-785. 
»>  Ohio  Geol.  Surv.,  Report,  1888,  vol.  6,  pp.  319- 

394 
>«  Ibid.,  p.  233. 


Nothing    bat    salt 

wat-er. 
Gas  wells;  small  flow. 
Small  flow  of  oil. 

Oil  well. 

Gas  wells;  some  oil. 

Oil. 

Saltwater;  someoiL 

Good  water  at  1,750 

feet 
Gas  well. 
Several  borings  for 

oil;  no  product. 
Unsucceasfnl. 

Small  flow  of  gas. 
Salt  water  only. 
Two  wells;  one  with 

fair  supply  of  oil. 
Only  small    flow    of 

gas.    Two  wells; 

much  salt  watc^r. 
Bored   for  oil;  salt 

water  found. 
Unsuccessful. 
Do. 
Do. 
Some  gas. 
Much  water. 
Unsuccessful. 

Several  gas  wells. 

Small  fl  o  w  of  gas; 
much  salt  water. 

Some  oil  and  gas  and 
great  volume  o  f 
salt  water. 

Numerous  oil  wells 
here  and  in  county: 
much  salt  water 
found. 

Tlu'ee  oil  and  ^as 
wells;  also  flow: 
salt  water  in  large 
quantities. 

Salt  water  at  S5  feet. 
Several  wells;    some 

oil,  water,  and  gas. 
Some  oil. 
Several  wells  for  oil 

or  gas. 
Mineral  water;  some 

gas> 
Salt  water;  some  oil. 
Fresh   and    salt 

waters. 
Gas  well  with  salt 

water. 

>«Ibid.,  p.  390. 

»<  Record,  ibid.,  p.  243. 

>»  Ibid,  p.  220. 

»«Ibid.,  pp.  ;380-«l. 

»'  Ibid.,  p  213. 

>«  Ibid,  p.  219. 

'»  Record,  Ohio  Geol.  Surv.  Report,  188ft,  vol.  il, 

p.  318. 
9«  Ibid.  pp.  382-388,783. 
«  Ibid.,  pp.  295-296.   • 
»«Ibid.,p.  242. 
"  Ibid  ,  pp.  165-168. 
a«  Ibid.,  pp  213.788-789. 
"Ibid.,  p.  322. 
"Ibid, pp.  318,892-393. 
aUbld,  pp.  280-281. 
a^bid  ,  pp.  4;38-439. 
"  Ibid.,  p.  219. 
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OHIO— Continued. 


Location. 

County. 

Depth. 

Diame- 
ter. 

Yield 

per 

minute. 

Height 
water. 

Remarks. 

McConnellsyflle 

Morgan 

do 

Feet. 
+3,000 

1.330 
1,3B8 

400-1,700 
2,100 

2,500 
1,017 

1,600 

Inches. 

Gallons. 

Feet. 

For  oil  or  gas;  nnsuc- 

Do 

7t-5| 

cessful. 
Gas  and  salt  water. 

McCaneville^ 

Perry 

Washington . 
do 

Several  wells;  bored 

Mackslrars*  .- 

for    salt  water; 
some  found. 
Large  oil  field  about 

Do." 

here. 
N  n  merous  suooeBsfnl 

Do.« 

do 

welLs;    gas    also 
found. 
Oil  and  gas  well. 

Madison  Township. . . 

Magnetic  Springs  * . . . 
Malta* 

Vinton 

Union 

Mormn  _ 

10-51 

Verv  little  oil  and 

salt  water. 
Salt  well. 
Large  flow   of  gas 



ManitflAM  i 

Richland 

do 

2,005-2,415 

3,6M 

1, 740-2,  VMO 

1,440 

3.015 

1,790 
2,300 

from  several  wells 
for  oil  or  salt. 
Two  borings  for  gas; 

Do.» 

5-4 

unsuccessful. 
Unsuccessful. 

Marietta* 

Washington . 
do 

do 

Oil  well. 

Marietta  (4  miles  be- 

Gas well. 

low).** 
Marietta  (near)  "... 

Much  salt  water  at 

Marion  i« 

Marion 

Belmont 

Hancock 

1,7«0  feet. 
Abandoned. 

Martins  Perry  '■ 

Marion  Township  '* . . 

Gas  well. 

Marysvllle" 

Union 

Stark  

do     

1,743 

665-1.820 

671 

2, 517 

917 
flOO-1.200 

For  gas  or  oil;  found 
onlv  water  at  30U 
feet. 

Nothing   but   salt 

M*«««11on" 

Do." 

water. 
Some  oil;  also  salt 

Do." 

do 

Gas  at  ^5  feet,  shut 

out  bv  salt  water. 
Small  now  of  gas. 

Medina" 

MAdinA 

M  iamisbarg  * " ■  M  rmtfnjmerv 

Two  gas  wells. 

Mlddleport 

Meiirs 9«K-1.2riO 

3  and  4 

Av.  25 

Great  number  of  salt- 

Do  

.     do    

1,500 
l,fl(i0 

2,0u0 

2.100 
900-1,000 

430 

water    wells   in 
county. 
Small  amount  of  oil 

Middletowni* 

Bntler 

Erie 

from  120-1, 5(X)  feet. 
Some  gas  and  salt 

Milan  so 

water. 
For  oil  or  gas;  only 

Millersbnrg  «» 

Holmes 

do 

Gaernsey 

Huron 

salt  water  found. 

Miliersbursr    (four 

Gas  and  oi}  well. 

miles  from). 
Millers  Station".... 

Salt  well. 

Monroeville  ■• 

Small   flow   of   gas 

Mount  Blanchard  **.. 

Hancock 

only. 
Moderate  flow  of  oil 

Mount  Orab 

Brown 

Knox 

800-1,200 
fl  ,370, 1,707, 
t      2,fl0l) 

3,200 
2, 1.35 

5* 

} 

4f 

and  gas. 
Gas  wells. 

Mount  Vernon** 



—100 

Three  wells;  unsuc- 

Do.««  

do 

cessful. 
Gas  well;   water  at 

Do 

do 

1,725  and  1,765  feet. 
Unsuccessful. 

'Ibid.,  pp.  388-388. 

«Ohio  Geol.  Surv.,  Report,  1888,  vol.  6,  pp. 

450-464. 
>  Ibid.,  p.  46a 

*  Record.  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  P, 

pp.  333-3:U. 

*  Record,  Ohio  Geol.  Surv.,  Report,  1888,  vol.  6, 


p.  aw. 

Ibid.,  p.  389. 
Ibid.,  pp. 
« Ibid.,  Report  1800,  p.  245. 


7  Ibid.,  pp.  318,385-566. 


•  Ibid.,  Ram>rt  1888,  vol.  6,  pp.  368-410. 
>*  Record,  W.  Va.  Geol.  Surv.,  R*»ports,  vol.  1, 

p.  288. 
"  Ibid.,  pp.  286-287. 

"  Record,  Ohio  Geol.  Surv. ,  Reports.  1KS8,  vol. «, 
pp.  201-20e. 


'•Ibid.,  pp.  404-406. 
'4  Ibid.,  p.  :«6. 

>»  Record,  Ohio  Geol.  Surv.,  Report,  1888,  vol.  6, 
pp.  2U9-270. 

»*ibid.,  pp.  .-jao.sei. 

"  Ibid  ,  p.  :«J0. 

>PIbid.,  pp  288-289. 

»•  Ibid,,  pp.  294-295. 

«o  Ibid.,  p.  346. 

«'  Ibid.,  pp.  387-«W. 

"  Ibid  ,  pp.  654-655. 

"  Ibid.,  pp.  439-440. 

2<  OhioGeol.  Surv.*,  Report,  1888,  vol.  6,  p.  218. 

"  Record,  ibid.,  pp.  217,  286-267. 

"  Ibid.,  Report  for  1890,  pp.  244-245. 
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OHIO— Continned. 


Location. 


County.       |    Depth. 


I 
Diame- 

I    ter. 


Napoleon' 

Nelaonville*.. 

Nevada*  

Newark* 

Newborn* 

New  CarUsle*. 


Henry 

Athens 

Wyandot  . 
Licking  ... 
Cajrahoga. 
Clark 


New  Lisbon  ^ . . 
New  London" 


New  Vienna  • . 
Niles*" 


Feet. 
1.889 

570-950 

2,000 

1,449-2,385 

3,000 

i.oeo 

Colambiana  .  'l,  350-1 ,  370 
Huron 996-1,090 


In<Aes. 


Clinton  ... 
Tmmball. 


1,785 
780-900 


North  Baltimore 'I 
Do.>« 

North  Bend 

Norwalk" 

Do 


I 


Wood ia(Hi-l,295 

.  ..  do I  1.190 

Hamilton   ...1  1,350 

Haron !  2,3tH 

..do I  2.725 


Yield 

per 

mmnte. 


UcUlont. 


Heisht 
water. 


Remarks. 


Feet. 
+3 


»« 


For  eas:  salt  water 

at  1. 889  feet. 
Many  salt  welLs:  one 

small  gas  well. 
Nothing  bnt     salt 

water. 
Several  gas  wells; 

small  flows. 
Some  gas;  much  salt 

water. 
For  gas;   nnsaccesa- 

ful. 
Oas  wells. 
Three  wells:  nothing 

found  except  salt 

water. 
Salt  water   at    1,TS5 

feet 
Two  borings  for  gas: 

unsuccessful. 
Two  gasand  oil  wella. 


Oak  Harbor". 
Oberlin 


Osborn  .. 
Ottawa'*. 


Ottawa  . 

Greene. . 
Putnam. 


Oxford" !  Butler. 

Painesville  " Lake  . . . 

Patterson   (2  mlloH  Hardin, 
south  of)." 

Patterson  (2  miles  do.. 

we.stof).'» 

Perrysburg  *• Wood  . . 

Piketon  Pike... 

Pike  Township  "  ....  Clarke  . 


Pi<iua" .    Miami... 

Plain  City  «» Madison  . 


PI vmoutli  «* '  Richmond 

Do." do 


1.336-1.335 
700 

090 
1.314-1,365 


1.365 

71)0-1,390 
1,3;{U 


1,300 
+1,600 

"i.aio" 


200  I 


+:«)    Oood  water. 


5i 


Pomeroy '  Meigft 

Do do 


1.673 
1,53»)-2.000 


742 
3,020 

1,560 

1,100 

767 

i.'in 


Do."  do 

Peral>ervllle Wood    

Portage  (vicinity) ''. do 

»  Record,  Ohio  Geol.  Surv.,  Report  Isw,  vol.  C, 

pi>.  252-25a 
» Ibid.,  p.  398. 
Mbid.,p.2U3. 
*  l))id..  pp.  317,  370  3?2. 
»Rerord.  Mich.  (4eol.  Surv.,  1881-1803.  p.  73; 

ObioGeol.  Snrv.,  Report,  1888.  vol.  6,  pp. 

351-355;  OhioGeol.  Surv.,  Report,  vol.  1,  pp. 

3fK5-355 
•Ohio  Geol.  Surv.,  Report,  18K8,  vol.  6,  p.  280. 
'  Record, Ohio  (4eol.  Surv.,  Rciwrt,  vol.  6. 1888, 

1>.40i 
"Ibid.,  pp.  440.348*50. 
•Ibid.,  pp.  296-297. 
"Ibid.,  p.  401. 
»» Ibid.,  pp.  228  229;  Pa.  2d  Geol.  Surv.,  Report 

for  188(J.  p.  7H4i. 
"  Record,  Ohio  Geol.  Surv..  ReiK>rt.  1888,  vol. li, 

p.  228. 


+13 


20 


-500 


For  oil  or  gas;  unsuc* 

cessful. 
Three  gas  wells. 
For  oil  or  gas;  unsnc- 

cesstul. 
UnsuccessfuL 
Twooil  and  gas  wells: 

small     product; 

much  salt  water. 
Shale  gas  and  snl- 

phur  water  only. 
Several  gas  wells. 
Gas  at  835  fe«^t:  large 

flow  of  water:  un- 
successful. 
Large   flow    of   gas: 

also  large  flow  of 

water. 
Several  gas  wells. 

For  ga»;  unsuccess- 
ful. 
Do. 

Two  wells;  large 
flows  of  fine  water 
from  350,  60U  and 
900  feet. 

Salt  and  sulphur 
water  at  850  feet. 

Salt  well;  some  oil 
and  gas. 

Several  salt  welln; 
flowed  originally. 

Unsuccessful. 
Do. 


"Ibid.,  pp.  44<M41. 

"Ibid.,  pp.  210-211. 

"  Ibid.,  p.  241. 

"  Ibid.,  p.  294. 

«7  Ibid.,  pp.  427-428. 

"  Record.  Ohio  Geol.  Surv.,  Report,  188S,  roL  6, 

pp.  221-222. 
"  Ibid.,  p.  225?. 
''o  Ibid.,  pp.  225,788. 
•«  Ibid,  p.  280, 
"  Ibid  .  p.  27:1. 
"Ibid..  Roport  1890,  p.  246:  U.  8.  Geol.  Surr., 

tOth  Annual  Report,  1897-418,  p.  6«3. 
«<  Record. Ohio  Geol.  Surv.,  Report,  1888,  vol.  «» 

p.  :il5. 
»»  Ibid.,  pp.  3ne-303. 
•^  Fbid.,  p.  :R»7. 
-MMno   (Jool.  Surv  ,  Report   1888,  voL  «,  ppt 

104  105,228. 
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OHIO— Continned. 


Liocation. 


Portage  (vicinity)  * 

Do.» 

Port  Clinton  = 

Portsmonth' , 


Prospect  * 

Quaker  City  * 

Do 

Radcliff 

Harden 

Rawson* 


Richland  Pamace 

Ripley 

Risingsan 


Rockport 


Rutland  Township. 

Sabina 

St.  Henry*. 

St.  Marys* 

Do."* 

Do.>« 


SL  Paris  >» 


ftalem>» 

Do 

Salem  Township  »* , 
Sandusky  »* 


Saline  Township  '* . 
Sardis(SWof)»«... 

Sfiotoville 

So  venmile 


County. 


Wood.- 
.....do.. 
Ottawa 
Scioto . . 


Marion... 
Quemsey 

do... 

Vinton . . . 

Scioto 

Hancock . 


Vinton 
Brown 
Wood.. 


Cuyahoga... 

Meigs 

Clinton 

Mercer 

Auglaize.  .. 

do 

do 


Champaign . 

Columbiana 

do 

Wyandot  ... 
Erie 


Sheffield  " 


Jefferson 
Monroe  .. 

Scioto 

Butler  ... 


Lorain 


Shelby  »• >  Richland. 

Sidney" Shelby. 


Somerset'* 


SouthKingsville'i 

South  Olive 

South  To.edo"-... 
Springfield"    


Spring  Valley" 

StenlH*nville'* 

Do.«« 

Stuartsville    Town- 
ship. «' 
Stryker 


Sunbnry** 
Tiffin  «» 


Perry 


Ashtabula 

Nol'le 

Lucas 

Clarke.... 


Greene... 
Jefferjfon. 

do.... 

Hancock . 

Williams. 


Delaware 
Seneca  .. 


Depth. 


Yield 
'®*'-      mUiute. 


Diame-i 


Feet. 

i.iai 


+i,8eo 

2,000 

1,660 
1,347 
l.:i52 
700or»(10 
1.710 
1,337 


&>7-i,3;r> 

1,560 


l.ldO-l.lSJ 

l.i:&  1.225 
1,(J02  1.138 

+  1,000 

800-810+ 
2,990 

l,:)23 

2,200 

1.106 

1,815 

800 

1,220 

720 


1.480-1,796 
1,205-1,250 

2.a'30 
1,200 


+  1.012 
1,140-1,200 

1,500 

1,2«(» 

2.519 

450 

800 

2.530 
1,467-1,494 


Inches.  Gallons. 


10 


10^25 


Height 
water. 

Feet. 


Remarks. 


--;> 


10 


500 


8 


« 


»Ohio  Geol.  Surv.,  Report  1888,  vol.  6»  pp. 

IM  mu  22rt. 
« Ibid.,  p.  212. 
Mbid.,p.3»5. 

*  Analysis,  ibid.,  pp.  270-271. 
»  Record, ibid.,  pp.  324,:Wl-382. 
•Ibid.,  p.  217. 
'  Record.  Ohio  Geol.  Surv.,  Report  1888,  vol.  6, 

pp.4.%-434. 
»  Ibid  ,  pp.  260  282. 
•Ibid,  pp.  255-258. 
"  Ibid.,  pp.  SJ5r>-258. 
»» Ibid.,  pp.  27fV2:7. 
"Ibid.,  pp.  403-404.452. 
"  Record,  Pa.  2d  Geol.  Surv.,  Ann.  Report  for 

1886,  part  2,  pp.  7a'V-786. 
"  Record,  Michigan  Geol.  Surv.,  1H81  18«J,  p.  S3; 
Ohio  Geol.  Surv.,  Report,  l»b»,  vol.  B,  pp. 
104-196. 


Unsuccessful. 
Large  flow  of  gas. 
No  product. 
No  product,  but  salt 
water  at  1,000  feet. 
No  product. 
Gas  well. 

Water  and  gas. 

Water. 

For  gas  or  oil;  found 

salt  water  only. 
Gas  well. 
No  product. 
Only  small  flow  of 

oil. 
Two  gas  wells;  small 

flows. 
Salt  water  only. 

Gas  well. 

Salt  water  onlv. 

Several  oil  wells. 

Several  gas  wells; 
large  flows. 

Two  unsuccessful 
borings. 
Do. 

Unproductive. 

Small  flow  of  oil. 

Some  oil.  gas,  and 
salt  water. 

Jn  productive. 

Oil  well. 

Unsuccessful. 

Salt  water  and  some 
gas. 

Bored  for  oil;  some 
gas  found;  unsuc- 
cessful. 

Small  flow  of  gas:  2 
wells. 

Several  gas  wells: 
much  salt  water  at 
1,445  feet. 

Salt  water  at  2,850 
feet. 

Gas  well;  some  oil. 

Unproductive. 
Do. 

Several  wells;  unsuc- 
cessful. 

Unsuccessful. 

Transient  gas  supply. 

Oil  wells. 

Mineral  water  at  2iV) 
feet. 

Several  wells;  large 
flow  of  gas;  some 
oil. 

»»  Record,  Pa  2d  Geol.  Surv.,  Report  II,  p.  282 
»•  Record.  W  Va.  Geol   Surv.,  Reports,  vol.  1. 

pp.  :i5(j-.'«7 
"Record,  Ohio  Geol.  Surv.,  Report,  1888,  vol.6, 

p.  437. 
»«Ibid..pp.316,  :»4-365. 
»*  Ibid.,  pp.  264-266. 
s«  Ibid. ,  K(»port  1890,  p.  247. 
«i  Ibid.,  18^,  vol  6. pp. 423-424. 
"Ibid.,  p.  225 
"Ibid.,  pp.  278-280. 
a«  Ibid.,  p.  291. 
«»Ibid..pp.3;)6-337. 
»«  Record,  Pa. 2d  Geol.  Surv.,  Ann.  Report  for 

1S86,  part  2,  p.  784. 
2'  Ohio  Geol.  Surv.,  Report,  18SK), pp. 219-220. 
•-"•  Ibid.,  1H88.  vol.  6,  p.  28.'}. 
«» Kecord,ibid.,pp.  197-201. 


—400 
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OHIO— Continned. 


Location. 

County. 

Depth. 

Diame-    Yield      Height 
i^r         P®*"            °^                  Remarks. 
*^'^'     mmute.    water. 

1 

Tiffin  (vicinity  of )» . . 

Seneca 

Sandusky 

Miami 

Lucas 

Wood........ 

Jefferson 

Miami 

Auglaize 

Fret. 
1,506-1,75.3 

1.220 

1,025 
1,425 

1,425 
1,455 
1.170 

Inches. 

Gallons. 

Feet. 

Several  boringa:  all 

unsuccessfnL 
Qas,    oil,     and     salt 
1      water. 
Small  flow  of  ga.^*. 
Several  borings   for 
,     gas  and  oil:  unsnc- 

oessful. 
,  Some  salt  water,  oil, 
and  gas.* 
For  oil ;  nnsncce^uL 

Some  gas  at  510t,  6^, 

and  880  feet. 
'  Very  small   flow  of 

gas:  abandoned. 
Two  borings  for  ofl 

or  gas;  unsaoec^ss- 

ful. 
Very  small  showing 

of  gas. 
Small  flow  of  Jgas. 
Very  small    now  of 

gas. 
Gas,    oil.    and     salt 

Tinney  (south  of)  . . . 

8-5t 

-10 

Tipi)ecanoe* 

»*••- *••. 

Toledo* 

Tontogany  (2*  miles 

southeast). 
Toronto    (4    miles 

8^ 

--,•» 

west).* 
Troy  * 

Uniopolls 

Upner  Sandnsk  v  *  .  -  - 

Wyandot 

Champaign . . 

Hancock. 

Vanwert 

Vinton 

Huron 

Auglaize 

Fayette 

Lucas 

Fulton 

Lorain 

Franklin 

Allen 

do 

1,340^1,347* 

1,307-1,350 

1.294 
1,240 

490-1,057 

3,000 

1,000 

l.«j0 

1,153 

+2,158 

1,(»)-1,050 

+2,300 
1,400 

1.440 
1,575 

1,427 

600 
6d0 

Urbftna  ^    ...      , 

Vanlue" 

Vanwert" 

Vinton  Township  ^''. . 

10^1 

Wakeman  

water. 
For  oil:    found    salt 

Wapakoneta'i 

water  only  at  l.ifio 

feet. 
For  oil  or  gas:  salt 

water  only. 
For  gas  or  oii:  found 

Washington  13 

Waterville'* 

salt  water  only 
Small  flow  of  eas. 
Oil  at  2,158  feet. 

Wauseon  '* 

Wellington «» 

Several  small   gas 
wells. 

We8terville>« 

Westminster 'T 

For  oil  or  gas;  nnsnc- 
cessful. 

West  Newton'* 

Weston'" 

Wood 

Oil,  gas.  and  snlpfaur 

water. 
For  oil  or  gas;  ansue- 

cessful. 
Small  flow  of  eaa. 

Whartonsburg*" 

Willismsburg 

Clermont 

do 

6 
6 

Do 

Unsucceftsfni. 

Willoughby«» 

I^ke 

Several  small  gas 
wells. 

Wilmington  «' 

Woodville'* 

Sandusky 

Wayne 

Greene 

Mahoning 

Muskingum  . 

1,400 
1,806-2,000 

1,200 

2,480 

1,098-2,019 

For  oil  or  gas;  only 

salt  water  found. 
Three  borings  for  oil 

or  gas;  ansaccnss- 

fuL 
For  oil  or  gas;  nnsn**- 

cessfuL 
For  gas  >roil:  unsuc- 

cesiaful. 
Three  wells:  some  oil 

Wooster"* 

Xenia" 

Youngstown  «• 

ZanesTllle^^ 

tt  M   «   •«   * 

'Record,  Ohio  Geol,   Surv.,  Report  1890,  pp. 
784-785. 

9 Ohio  Geol.  Surv.,  Report.  1888.  vol.  6.  p.  274 

»R«»cord,  ibid.,  pp.  306-309;    Michigan    Geol 
Surv.,IH81-18aU).85. 

*  Pennsylvania  2d  (ieol.  Surv.,  Report  I».  p.  236. 

»  Ohio  Geol.  Su  r v.  Report,  1888,  vol.  6,  p.  m. 

•Ibid.,  p.  302. 

^  Record .  ibid. ,  p.  275. 

«»Ibid.,  p.  219. 

•Ibid.,  pp.,  239-240. 
'•Ibid.,  p.  394. 
"Ibid.,  p.  254. 
"Record, Ohio  Geol.  Surv.»  Report  1888,  vol.  «. 

p. 291. 
"Ibid.,  p.  225. 


'« Ibid.,  pp.  246-347. 

»» Ibid.,  pp.  34^-849. 

»« Ibid.,  p.  283. 

"lbid,p.230. 

»Mbid.,p.220. 

"Ibid.,  pp.  223-224. 

» Ibid.,  p.  203. 

«' Ibid.. p. 428. 

"Ibid.,  pp.  296-297. 

«» Ibid.,  pp.  213-214. 

•*  Record, Ohio  Geol.  Surv..  Report.  1S88,  vol.6. 

pp.361-dli:i. 
«» Ibid.,  pp.  289-290. 
«Mbid.,pp.321,4<e-403. 
"Ibld.,pp.3?i-375. 
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PRINCIPAL  PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  OHIO. 

Report  of  the  Q^ological  Survey  of  Ohio,  Voluxne  VI,  Economic  Geology,  831 
pages,  platee,  Col  am  bus,  1888. 

First  Annual  Report  of  the  Geological  Survey  of  Ohio  (third  organization),  by 
Edward  Orton,  State  geologist,  823  pages,  plates,  Columbus,  1800. 

Water  Resources  of  Indiana  and  Ohio,  by  Frank  Leverett,  U.  S.  Geological  Sur- 
vey, Eighteenth  Annual  Report,  1896-97,  part  4,  pp.  423-559,  plates,  Washington 
1897. 

The  Rock  Waters  of  Ohio,  by  Edward  Orton,  U.  S.  Geological  Survey,  Nine- 
teenth Annual  Report,  1897-98,  part  4,  pp.  63a-717,  plates,  Washington,  1899. 

OKIi^VIIOMA. 


Location. 

(^onnty. 

Depth. 

Diame- 
ter. 

Yield 

per 

mmute. 

Height 
water. 

Remarks. 

Fort  Reno 

Canadian 

Feet. 
1,SOO 

Incites. 

Gallons. 

Feet. 

Oklahoma  City 

780 

1,700 
500 
400 

For  oil  or  gas;  unsuc- 
cessful. 
Oil  well. 

Pawhtiska.. 

Osage  

Greer 

do 

Manf^um 

For  oil;  unsuccessful. 
Abandoned. 

Do 

OUTA 

GJOX. 

Baker  City 

Baker 

OUUam 

400   

Many. 

... 

Blalock ..'. 

400 

41H 
750 

426 

400 

LTnsuocessful. 

Bliss  Water  Station  . 

i^ii'        42 

Vio 

Water  tepid. 
Abandoned.    Only  a 

very  qmall  flow  at 

arx)  feet. 
Water  tepid. 

Bums .-.--- 

Harney 

8* 
3 

Cleft  Water  Station. 

+28 

+  10 

Fort  Stevens 

Clatsop    

do:. 

Unsuccessful. 

Do 

800 
650 

Do. 

Heppner 

Morrow 

Multnomah.. 
Wasco 

Portland 

1.850 
1,(E90 

The  Dalles 

4i-lf 

Bored    for   oil;    no 
water   below    350 

feet. 

PENNSYI.VANIA. 


Abbot  Township . 


Do» 

Allegheny 

Alleghen y    Town 
ship.* 

Do.« 


Do.* 


Allen  Township  *  . . . . 

Altoona 

Amity  Township 

Amwell  Township  * . 

Ashland  ( vicinity) . . 
AHhland  Township' 


Potter. 


do 

Allegheny 
Butler  .... 

Venango . . 


Westm  o  r  e  - 

land. 
Washington 

Blair 

Erie 


- 1 


Washington 

Schuylkill  .. 
Clarion 


2,100 

2,0:20 

1,760 

1.065-1.408 

860 

1,250-2,847 

2.000 

2,006 
S00-«30 

.2,385 

1.830 


Oil  lK)ring;  unsuc- 

<je».sful. 
Small  gas  well. 
Salt  well. 
Oil  and  gas  wells. 

For  oil;  unproduc- 
tive. 

For  oil  or  gas;  mostly 
uni)roductive. 

Gas  well. 

Abandoned. 

Several  oil  and  gas 
wells. 

For  oil  or  gas;  unpro- 
ductive. 

Temp.  54" 


2  130      Flows 

1,128    ' For  oil  or  gas:  unpro 

I      ductive. 


»  Records,  Pa.  2d  Geol.  Surv.,  Ann.  Kept,  for  iaH5,  pp.  85-86. 

«Ibid.,  Vol.  II.,  pp.  2:J8  240. 

•Ibid..  Vol.  I«,  pp.  58-50. 

•Ibid.,  Vol.  I»,  pp.  211-215;  Vol.  II,  pp.  277-278. 

•Ibid.,  pp.  301-3(12 

•Ibid.,  pp.  307-308. 

'Ibid.,  p.  2!». 
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OHIO— Continued. 


Location. 


Nai>oleoni 

Nelsonville  *  .. 

Nevada*  

Newark  • 

Newburg* 

New  Carlisle  • . 

New  Lisbon'.. 
New  London** 


County. 


Henry  

Athens 

Wyandot ... 

Licking 

Cnyahoga... 
Clark 


Columbiana 
Huron 


New  Vienna* i  Clinton  ... 

Niles'o Trumbull. 


North  Baltimore '1 
Do.»a 

North  Bend 

Norwalk" 

Do 


Oak  Harbor  »V 
Oberlln 


Osbom  .. 
Ottawa'*. 


Oxford  »•. 


Depth. 

Feet. 
1.889 

570-050 

2,000 

1,44^2,385 

3,000 

1.060 

1,350-1,370 
098-1,030 

l,7a5 
780-4W0 


Wood .1,1041-1,295 

do 1.190 

Hamilton  ....  1.350 

Huron 2,304 

do 2,725 


Ottawa  . 

Greene.. 
Putnam. 


Butler 


Painesville  •' 

Patterson   (2  miles 
south  of).»» 

Patterson  (2  miles 
west  of  ).!• 

Perrysburg  ■" 

Piketon 

Pike  Township »>  .... 

Piqua" 

Plain  City" 


Lake . . . 
Hardin 


do 


Wood. 
Pike  .. 
Clarke 


Miami . . . 
Madison 


Richmond 


Plvmoutli«« 

Do." do 

Pomeroy j  Meigs 

Do do 


1, 325-1, 3rV> 
700 

990 
1, 314-1, 3a5 


1.3&'> 

700-1,390 
l.Sft) 


1,300 
+1,600 


1.380 

l,67:j 
1,530-2,000 


742 
3,020 

1,550 

1,100 

767 

'l."i77" 


Do.««  do 

Peml>erville ..-  i  Wood 

Portage  (vicinity)  *'.' do 

>  Record,  Ohio  Geol.  Surv.,  Report  1S88,  vol.  C, 

pp.  252-253. 
» Ibid.,  p.  308. 
3  Ibid.,  p.  203. 
*  Ibid.,  pp.  317,  370-372. 
» Record,  Mich.  Geol.  Surv..  1881-1893,  p.  73; 

Ohio  Geol.  Surv.,  Report,  1888,  vol.  6,  pp. 

%51-355;  OhioGeol.  Surv.,  Report,  vol.  1,  pp. 

352-355 
•Ohio  Geol.  Surv.,  Report,  1888,  vol.  6,  p.  280. 
'  Record,  Ohio  Geol.  Surv.,  Report,  vol.  6, 1888, 

p.  404. 
•»Ibid.,  pp.  440.348-350. 
•Ibid.,  pp.  296-297. 
»o  Ibid.,  p.  401. 
»» Ibid.,  pp.  228-229;  Pa.  2d  Geol.  Surv.,  Report 

for  1886,  p.  786. 
»«  Record,  Ohio  Geol.  Surv.,  Report,  1888,  vol.  6, 

p.  228. 


Diame- 
ter. 


Inches. 


5i 


54 


Yield 

Jjer 
nute. 


Gallon*. 


200 


Height 
water. 


20 


Feet. 
+3 


+:w 


+13 


-500 


Remarks. 


For  gas:  salt  water 

at  1,880  feet. 
Many  salt  wells;  ono 

small  gas  well. 
Nothing   but    salt 

water. 
Several  gas  wells; 

small  flows. 
Some  gas;  much  salt 

water. 
For  gas;   unsuccess- 
ful. 
Gas  wells. 
Three  wells:  nothing 

found  except  salt 

^t^ater 
Salt  water   at   1,785 

feet. 
Two  borings  for  eas: 

unsuccessful. 
Two  gas  and  oil  wells. 

Good  water. 

For  oil  or  gas;  unsuc- 
cessful. 

Three  gas  wells. 

For  oil  or  gas;  unsuc- 
cesstul. 

UnsuccessfuL 

Two  oil  and  gas  inrells: 
small  product; 
much  salt  wat^r. 

Shale  gas  and  sul- 
phur water  only. 

Several  gas  wells. 

Gas  at  835  feet;  large 
flow  of  water;  un- 
successful. 

Large  flow  of  uras; 
also  large  flo'vir  of 
water. 

Several  gas  wells. 

For  gas;  unsuccess- 
ful. 
Do. 

Two  wells;  1  &  r  g  e 
flows  of  fine  ^vater 
from  350,  OOU.  and 
900  feet 

Salt  and  sulphur 
water  at  850  feet. 

Salt  well;  sorae  oil 
aud  gas. 

Several  salt  "weUs; 
flowed  originally. 

Unsuccessful. 
Do. 


'Mbid.,  pp.  44(M41. 

•Mbid.,  pp.  210-211. 

»»Ibid.,  p.  241. 

"Ibid,  p.  294. 

»'  Ibid.,  pp.  427-428. 

'"  Record,  Ohio  Geol.  Surv., Report,  1888,  vol.  6, 

pp.  221-222. 
"•Ibid.,  p.  222. 
""Ibid.,  pp.  225.788. 
««  Ibid,  p.  280. 
"lbid.,p.  27:J. 
«3Ibid..  Report  1890,  p.  248;  U.  8.  Geol.  Snrv., 

19th  Annual  Report,  1897-88,  p.  663. 
«<  Record.  Ohio  Geol.  Surv.,  Report,  1888,  vol.  6, 

p.  315. 
"Ibid.  pp.  302-303. 
•-■'  Tbid.,  p.  :«>7. 
•''M)bio   Qool.  Surv  ,  Report   1888,  voL    6,    pp. 

HW-165,228. 
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OHIO— Continned. 


Location. 


Portage  ( vicinity )  * 
Do_i ^, 

Port  Clinton  ="  II"! 
Portsmonth' 


Pixwpect* 

Quaker  City  * 

Do 

Radcliff 

Harden 

Rawson* 


Jtichland  Furnace 

Ripley 

RislDgsan 


Rock]X>rt 


Rutland  Township. 

Sabina 

St.  Henry « 

St.  Marys* 

Do.'» 

Do.»« 


St  Paris" 


Salem>» 

Do 

Salem  Township  »* 
Sandusky" 


Saline  Township  »* . . 
Sardis<SW  of) '•-... 

S<-iotovilIe 

Sovenmile 


Sh»*ffleld  " 


County. 


Wood.. 

do.. 

Ottawa 
Scioto.. 


Marion 

Guernsey . . 

do 

Vinton 

Scioto 

Hancoclc... 


Vinton 
Brown . 
Wood.. 


Cuyahoga... 

Meigs 

Clinton 

Mercer 

Auglaize.  .. 

do 

do 


Champaign . 

Columbiana 

do 

Wyandot ... 
Erie 


JeflPerson  ... 

Monroe 

Scioto 

Bntler 


Lforain 


Shelby »» Richland 


Sidney  »• 


Somerset'* 


SouthKlngsville«i  . 

South  Olive 

South  To.edo" 

Springfield"    


Spring  Valley '« 

Steul  wnville  »* 

Do." 

StuartsviUe    Town- 
ship. " 
Stryker 


Sunbury** 
Tiffin".-.. 


Shelby 


Perry 


Ashtabula 

Noble 

Lucas 

Clarke 


Greene... 

Jeflferaon. 

....  do.... 

Hancock . 

Williams. 


Delaware ... 
Seneca  


Depth.     I 


Yield 
'^^-      mkiute. 


Diame- 


Feet. 
1,131 


+1,660 
2,000 

1.650 
1,»I7 
1.352 
700  or  800 
1,710 
1,337 


527-l,3;j5 
1,560 


1,160-1.183 

1,2:10 

1,1;B-1,225 

1,0U2  1,138 

+  1.000 

H0O-810+ 
2.930 
1.323 
2,260 

1.105 

1,815 

800 

1,220 

720 


1,480-1,796 
1.306-1,250 

2.850 
1,200 


+  1,012 
1,140-1,200 

1,500 

1.290 

2,519 

450 

860 

2.5:10 
1,467-1,494 


I 


Inches. 


Gallons. 


10 


10-25 


8 


Height 
water. 

Feet. 


Remarks. 


510 


-.'500 


I 


-tj 


»Ohio  Geol.  Surv.,  Report  1888,  vol.  6,  pp. 

154-165, 228. 
a  Ibid.,  p.  212. 
3  Ibid.,  p.  395. 

^  Analysis,  ibid.,  pp.  270-271. 
«  Record. ibid.,  pp.  324,381-382. 
« Ibid.,  p.  217. 
»  Record. Ohio  Geol.  Surv.,  Report  1888,  vol.  6, 

pp.  432-434. 
*  Ibid  ,  pp.  280-262L 
»  Ibid,  pp.  255  258. 

10  Iljid.,  pp.  255-258. 

11  Ibid.,  pp.  27f5-277. 

»« Ibid.,  pp.  403-404,452. 

>•  Record,  Pa.  2d  Geol.  Surv.,  Ann.  Report  for 

1886,  part  2.  pp.  78.5-786. 
1*  Record,  Michigan  Geol.  Surv..  1H81  1898,  p.  83; 

Ohio  Geol.  Surv.,  Report,  1888,  vol.  «,  \y\y. 

194-196. 


Unsncoessful. 
Large  flow  of  gas. 
No  product. 
No  product,  but  salt 
water  at  1,000  feet. 
No  product. 
Gas  well. 

Water  and  gas. 

Water. 

For  gas  or  oil;  found 

salt  water  only. 
Gas  well. 
No  product. 
Onlv  small  flow  of 

oil. 
Two  gas  wells;  small 

flows. 
Salt  water  only. 

Gas  well. 
Salt  water  only. 
Several  oil  wells. 
Several  gas  wells; 

large  flows. 
Two  unsuccessful 

borings. 
Do. 
Unproductive. 
Small  flow  of  oil. 
Some   oil.    gas,   and 

salt  water. 
Jnproductive. 
Oil  well. 
Unsuccessful. 
Salt  water  and  some 

gas. 
Bored  for  oil;   some 

gas  found;   unsuc- 

ces.sful. 
Small  flow  of  gas:  2 

wells. 
Several   gas    wells: 

much  salt  water  at 

1,445  feet. 
Salt   water  at  2,8.5(1 

feet. 
Gas  well:  some  oil. 
Unproductive. 

Do. 
Several  wells;  unsuc- 
cessful. 
Unsuccessful. 
Transient  gassnp])ly. 

Oil  wells. 

Mineral  water  at  ZV\ 

feet. 

Several  wells;  large 
flow  of  gas;  some 
oil. 

16  Record.  Pa  2d  Geol  Surv.,  Report  II,  p.  282. 
»•  Record,  W.  Va.  Geol    Surv.,  Reports,  vol.  1, 

pp.  35tV-:J57 
"  Record,  Ohio  Geol.  Surv.,  Report,  1888,  vol.6, 

p.  4;}7. 
»Mbid.. pp. 316,  364-365. 
»''Ibid.,pp.2tH-26(J 
«» Ibid. ,  Report  1890,  p.  247. 
«i  Ibid.,  1888,  vol  6, pp. 423-424. 
22  Ibid.,  p.  225 
S3  Ibid.,  pp.  278-280. 
«*  Ibid.,  p.  291. 
"Ibid.,pp.:336-337. 
"  Record.  Pa. 2d  Geol.  Surv.,  Ann.  Report  for 

188(J,  part  2,  p.  784. 
«'  Ohio  Ghiol.  Surv. .  Report,  1890,  pp.  21»-220. 
2"  Ibid..  1888.  vol.  6,  p.  283. 
^*  Record,  ibid.,  pp.  197-201- 
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OHIO— Continned. 


Location. 

County. 

Depth. 

Feet 
1.505-1,763 

1,220 

1,025 
1,425 

1,425 
1,455 
1.170 

Diame- 
ter. 

1 

Yield 

per 

mmute. 

Height 
water. 

Feet. 

Remarks. 

Tiffin  (vicinity  of)» .. 

Seneca 

Sandusky 

Miami 

Lucas 

Wood 

Jefferson 

Miami 

Auglaize 

Inches. 

GcUlons. 

Several  borings;  all 
i     unsuccessfaL 

Gas,  oil,  and  ^alt 
water. 

Small  flow  of  ga.s. 

Several  borings  for 
gas  and  oil;  unsuc- 
cessful. 

Some  salt  water,  oil 
and  gas.' 

For  oil ;  unsuccessful. 

Some  gas  at  510. 680, 

and  8H0  feet. 
Very   small   flow  of 

gas;  abandoned. 
Two  borings  for  oil 

or  gas;  nnaucce&s- 

ful. 
Very  small  showins 

Tinney  (south  of)  ... 

*^ 

-10 

Tippecanoe' 

m          ••>>•• 

Toledo* 

Tontoffsny  (2^  miles 

southeast). 
Toron to    (4     miles 

8-5« 

--.-«) 

west).* 
Troy* 

Uniopolis 

Upper  Sandusky  *  . . . 

Wyandot 

Champaign . . 

Hancock 

Vanwert 

Vinton 

Huron 

Auglaize 

Fayette 

Lucas 

Pulton 

Lorain 

Franklin 

Allen 

do 

1, 340-1, 347i 

1,3(^-1,;J50 

1,204 
1,240 

490-1,057 

3,000 

1,000 

i,mi 

1.153 

+2,158 

l,(?9O-l,050 

+2,300 
1,400 

1,440 
1,575 

1,427 

860 
660 

Urbana ^ 

Vanlue" 



of  gas. 
Small  flow  of  gas. 
Very  small    flow  of 

Vanwert* 

Vinton  Township  *" . . 

lO^fi 

gas. 
Gas,    oil.    and    salt 

Wakeman  

water. 
For  oil:   found   salt 

Wapakoneta  " 

water  only  at  1,950 
feet. 
For  oil  or  gas:  salt 

Washington  >3 

water  only. 
For  gas  or  oii:  found 

Waterville'* 

salt  water  only 
Small  flow  of  gas. 
Oil  at  2,1.58  te^t. 

Wauseon  '* 

Wellington'* 

Several  azuall  gas 

Westerville"* 

wells. 

Westminster" 

For  oil  or  gas;  nnsnc- 

West  Newton** 

cessful. 

Weston  »• 

Wood 

Oil,  gas,  and  sulphur 
water. 

Foroilorcpas;  unsuc- 
cessful. 

Small  flow  of  gas. 

Unsuccessfu  1 . 

Whartonsburg'" 

Williamsburg 

(Vermont  — 
do 

6 
6 

Do 

Willoughby«» 

Lake 

Several  small   gas 
wells. 

Wilmington  '■ 

Woodville" 

Sandusky 

Wayne 

Greene 

Mahoning 

Muskingum  . 

1,460 
1,805-2,000 

1.200 

2,480 

1,098-2,019 

- 

For  oil  or  gas:  only 

Wooster'* 

salt  water  found. 
Three  borines  fur  o:1 

Xenia«* 

or  sas;  UDsacce^si 
ful. 
For  oil  or  gas:  un^ao- 

Youngstown  «• 

Zanesville'' 

cessful. 
For  gas  >r  oil :  unsuo 

ce^ul. 
Three  wells:  some  oil. 

>  Record,  Ohio  GeoL  Surv.,  Report  1890,  pp. 
784-785. 

« Ohio  Geol.  Surv.,  Report.  1888,  vol.  6,  p. 274 

'Record,  ibid.,  pp.  2(J8-aO»;    Michigan   Geol 
Surv..l88l-18ffJ,p.85. 

*  Pennsylvania  2d  (*eol.  Surv..  Report  I*,  p.  236. 

»Ohio  Geol.  Surv.  Report,  1888,  vol.  6.  p.  274. 

•Ibid.,  p.  202. 

'Record,  ibid.,  p.  275. 

«Ibid.,  p.  219. 

•Ibid.,  pp..  239-240. 
»o  Ibid.,  p.  394. 
"Ibid.,  p.  254. 
"Record, Ohio  Geol.  Surv.,  Report  1888,  vol.  fi, 

p.  291. 
"Ibid.,  p.  225. 


»<  Ibid.,  pp.  246-247. 

"Ibid.,  pp.  348-349. 

"Ibid.,  p.  283. 

"Ibid,  p.  220. 

"Ibid.,  p.  220. 

"Ibid.,  pp.  223-224. 

M  Ibid.,  D.  203. 

«>  Ibid.,  "p.  428. 

"Ibid.,  pp.  296-297. 

«Mbid..  pp.  213-214. 

«*  Record, Ohio  Geol.  Surv.,  Report,  1888.  voL^ 

pp.  361-363. 
"Ibid.,  pp.  289-290. 
"Ibid,  pp.  321.402-408. 
»' Ibid.,  pp.  372-37.5. 
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PRINCIPAL  PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  OHIO. 

Report  of  the  G^logical  Snrvey  of  Ohio,  Volnme  VI,  EcoDomic  Oeology,  831 
pages,  plates,  Colambii«/1888. 

First  Annual  Report  of  the  Geological  Snrvey  of  Ohio  (third  organization),  by 
Edward  Orton,  State  geologist,  323  pages,  plates,  Colnmbns.  1890. 

Water  Resonrces  of  Indiana  and  Ohio,  by  Frank  Leverett,  U.  S.  Geological  Sur- 
vey, Eighteenth  Annual  Report,  1896-97,  part  4,  pp.  423-559,  plates,  Washington 
1897. 

The  Rock  Waters  of  Ohio,  by  Edward  Orton,  U.  S.  Geological  Survey,  Nine- 
teenth Annual  Report,  1897-98,  part  4,  pp.  633-717,  plates,  Washington,  1899. 

OKIiAIIOMA. 


Location 


Fort  Reno 

Oklahoma  City 


Pawhuaka 
Manirani 
Do 


Depth. 


Diame- 
ter. 

Yield 

per 

mmute. 

Heiffht 
water. 

Remarks. 

Inches. 

G€Ulofui. 

Feet. 

For  oil  or  gas;  unsuo- 

oeasfnl. 
Oil  well. 

For  oil :  nnsuoceasf  nl. 

Abandoned. 

ORF.OOX. 


Baker  City 

Blalock .- 

Blis8  Water  Station 
Bam.s 


Cleft  Water  Station. 

Fort  Stevens 

Do 

Heppner 

Portland 

The  Dalles 


Baker.. 
GJliam 


Harney 


Clatsop    

do 

Morrow 

Multnomah. 
Wasco 


400 
400 

Many. 

41S 
750 

425 

400 

3 

42 

+28 

+  10 
+  10 

800 

a^o 

1,850 

1,(R») 

4i-l} 

•  .«..•  .-.  .1 

Unsuocessfnl. 
Water  tepid. 
I  Aliandoned.    Only  a 
very  ^mall  flow  at 
aoo  i^eet. 
Water  tepid. 
Unsuccessful. 
Do. 


Bored    for   oil;   no 
water   below    350 

feet. 


PENNHYL.VAXIA. 


Abbot  Township . 


Do» 

Alleffbeny 

Allegheny    Town 
ship.* 

Do.» 


Do.« 


Allen  Township > .... 

Altoona 

Amity  Township 

Am  well  Township  * . . 

Ashland  (vicinity)  . 
AHhland  Township' 


2,100 I  Oil  lx>riiig;  unsuc 


do 
Allegheny 


2,029 
1,760 


Butler I.05r>-1,408 


Venango . 


850 


Westm  o  r  e  - 

land. 
Washington 

Blair 

Erie 


i 1.250-2. 847  ' 


Washington 

Schuylkill  . 
Clarion 


2.060 

500-630 

.2,385 

1.830 
1,128 


•» 


i:»      Flows. 


I      cessful. 
Small  gas  well. 
Salt  well. 
Oil  and  gas  wells. 

For  oil;  unproduc- 
tive. 

For  oil  or  gas;  mostly 
unproductive. 

Gas  well. 

Abandoned. 

Several  oil  and  gas 
wells. 

For  oil  or  gas;  unpro- 
ductive. 

Temj).  54*. 

For  oil  or  gas;  unpro- 
ductive. 


»  Records,  Pa.  2d  Geol.  Surv.,  Ann.  Kept,  for  18S5,  pp,  85-86. 

•Ibid.,  Vol.  II.,  pp.  SJ8-240. 

•Ibid.,  Vol.  Kpp  58  .59. 

Mbid.,  Vol.  I»,pp.  211  215;  Vol.  II,  pp.  277-278. 

•Ibid.,  pp.  301 -»I2 

•Ibid.,  pp.  307-308. 

nbid.,  p.2ao. 
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Lo(!ation. 


County. 


Baden  (1  mile  north)  >| 
Bamet  Township  ■  . . 

Beaver  Pallfl* 

Beaver  Falls  (2  miles 

above).  * 
Beaver  Township* . . . 

Belle  Vernon  • 

Benezette^ 


Black  Ash  * 

Blacklick  ( vi'cinfty ')•  1 
Black's  Siding »" 


Beaver . 
Forest . 

Beaver. 
do. 


Clarion 
Fayette 
Elk , 


Blacksville^> 
Blairsville»«. 


Town 


Crawford... 

Indiana 

Venango 


Greene 

Westmore- 
land. 
Crawford... 


Bloomfleld 
ship.  >»  1 

Bradford" '  McKean 

Bradford  ( vicinity  )"'| do.. 


Brady  Township  >•  . 

BradysBend. 

Bradys  Bend  Town 
ship. »' 

Bridge ville  (vicin- 
ity).'-^ 

Bridgewator  (near). 

Brookston 

BrookvUle" 


Do.  90 

Brook  ville  Borough* ' 

Brownsville  ** 

Brush  Bnn3>> 

Brushton  Station 

Bryn  Mawr 

Do 

Burrell  Township  «* 

Do." 


Butler  »•- 
Do... 


Butler 

Armstrong . 
do 


Allegheny  ... 

Beaver 

Forest 

Jefferson 

do 

do 

Fayette 

Clarion 

Allegheny  . . . 
Montgomery 

do 

West  m  o  r  e  • 

land. 
do 


Butler 
do. 


Depth. 


Feet. 
1.36(S 
2,428 

2,330 

082 

l,«»l-l,3()0 

2,005 

721 

777 

i.Tai 

1,651) 

500? 
2,080 

ri«o-i,ax) 

1,085 
1,010-1,719 

1,45H-1,59»» 

+  1,089 

1,100-1.260 

2,25(i 


Diame- 
ter. 


Inches. 


2,200 

3, 1(X) 

1,700 

2,4;W 

+2.  lOtt 

1.047-1,(186 

1,615 

560 

600 

2,500 

1,850 

3,056 
1,500-1,950 

3,008 
1,500  1,795 
1.621-1.637 

653(y) 

971 
1,763-2,502 


vr 


2,72 
864 
420 


Butler  (3  miles  south) do 

Do." do 

Butler  Township  «» do 

Cambria  Mill " Cambria 

Cameron  Station  (k     Cameron. 

mile  northeast). 3" 
Cannonsburg  (vlcin-     Washington . 

ity)."  i 

Canton  Township  »' J do   

Carlisle  (U  roilesSE ) . ,  Cumberland . 
(Jarlisle      (5      miles do 

west).  I 

>  Record,  Pa.  2d  Geol.  Surv.,  ReiKirts,  VoL  I*, 

p.  232. 
9  Ibid.,  p.  154. 

» Ibid.,  Vol.  Ill,  pp.  401-404. 
«Ibid.,  Vol.  I*,  pp.  142  143. 
•Ibid.,  Vol.  II,  pp.  2!is  i«9. 
•Ibid.,  Ann.  Rept.,  1886,  part  2,  pp.  778-779. 
'Ibid.,  Vol,  l\  pp.  i:»  134;  Vol.  R  R,  p.  248. 

•  Ibid.^  Vol.  l\  p.  186. 

•  Ibid.,  p.  168. 
i«Ibid  ,  pp.1  84-18.5. 
"Ibid,  Vol.  K,pp  108-109. 
"  Ibid.,  Vol.  I*,  pp.  224-225. 

"  Records,  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  Q, 
>.  224-226;  Vol.  II,  pp.  273-274;  Vol.  I<,  p. 

"  Ibid.,  Vol.  1*,  pp.  97-103 

"  Ibid.,  Vol.  P,  p.  89;  VoL  R,  pp.  287-290. 


Yield      Height 
per     ,        or 
mmate.i  water. 


Remarks. 


Gallons. 


Feet. 


8 
6 


8:) 
120 


-310 


5 


641 

5-4  i 


For  oil  or  gas. 
For  oil  or  gas;    an 
successful. 
Do. 
Gas  welL 

For  oil  or  gas. 

Small  gas  well. 

For  oil  or  gas;    aban- 
doned. 
Do. 
Do. 

For  oil  or  gas;  unpro- 
ductive. 

For  oil. 

For  oil- or  gas;  aban- 
doned. 

Several  oil  wells. 

For  oil. 

Numerous  oil  and  gas 

wells. 
For  oil. 

Oil  and  gas  well. 
For  oil. 


For  gas;  small  sup- 
ply. 

For  oil  or  ga&>:    un- 
succcssfuL 

For  oil  or  gas;  unpro- 
ductive. 

Gas  well. 
Do. 
Do. 

Oil  and  gas  wells. 

Unsucoeasful. 


For  oil  or  gaa;  aban- 
doned. 
Da 

Several  oil  and    gas 
wells. 

Gas  and  oil  wellH. 
For  oil. 
Gas  well. 
For  oil. 

Numerous    oil     and 
gas  wells:  some  un- 
productive. 
,  For  oil  or  gas. 


"  Ibid.,  Vol.  Q\  pp.  150-151;  Vol.ni,pp.41»-419. 

"  Ibid.,  Vol.  II,  pp.  258-259. 

"  Ibid.,  Vol.  I»,  p.  272. 

"Ibid.,pp.l«l-164.  ^ 

"Ibid,  Vol.  P,  p.  139. 

«i  Ibid.,  Ann.  Rept.,  1886.  part  2,  p.  77B. 

9«  Ibid.,  Vol.  1»,  pp.  317-318r 

«» Ibid.,  pp.  235-2)6. 

•«Ibid.,  pp.  212-213. 

«•  Ibid.,  Ann.  Rept.  for  1886,  part  2,  pp.  6S6-«?7. 

««Ibid.,  Vol.  P.pp  193-194. 

«nbid.,  pp  209-210 

9*  Ibid.,  Ann  Rept.  for  1886,  part  2,  pp.  711-71-*. 

«•  Ibid,  Vol.  HH,  pp.  176-180. 

•«Ibid.,  Vol.  RR,  part  Z^n.  23;  vol.  O*,  p.  138l 

»» Ibid.,  Vol.  I*,  pp.  281-Wr. 

"Ibid.,  pp.27V>-«). 
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PEITN'SYIiVANIA— Continued. 


Lr>cation. 


County. 


Carmichaols    ( vicin      Greene 

ityj.^  I 

Carpentera    Stiition  '  WeMtmoro 

(near).^  j     land. 


(2 


t  "liambersburg. 
Chaxnbersburip 

miles  west). 
Cherry  Grove  Town 

ship.* 


Cherry     Tree    Bor- 
ongh.* 

Church  Rnn« 

Clarion  • 


CMearfleld  (2  miles 
southwest)."' 

Clearfield  Town- 
ship).* 

Clinton  Township  •  . . 

Cooksbnrg  >• 


Franklin 
do... 


Warren 


Cambria 


Crawford 
Clarion  .. 


Clearfield 
Butler  . . . 


Venanico . 
Forest  . . 


Cooksbnrg   (vicin-     Clarion  ... 

ity)." 
Collier  Township »«      Alleghenv 
Concord  Townsniij"  Crawfora. 
Conneaut ville  ( 1  mile  I do  

below)."  I 

Cornplanter   Town-     Venango.. 

ship.'* 

Corry '• ...    Erie 

Corydon    (1     mile     McKean  .. 

from).*' 
C  V  »ry  don  Township . .   Warren . . . 
( 'oudersport ' " Potter 


Cranberry    T  o  w  n  - 
ship.»» 

Crawford  Township. 


Venango . 


Clinton 


Creaoent Township^",  Allegheny 


Cr««9on*» 1  Cambria... 

Criswell  (vicinity)*''  i  Armstrong 
Darlington'* Beaver 

McKean  ... 
rtohuylki 
Denimler |  Allegheny 

Dennis  Run" Warren 


Desrolia  (near)** 

Delano Schuylkill 


Dicksonburg Crawford . . , 

Dixnaont'* '  Allegheny. 

Donegal  Township  *^    Butler 


Doylestown 

Dubois  Station »•  ... 

Dunkard  Township. 


Bucks 

Clearfield 

Greene. . . 


Depth. 


Diame- 
ter. 


Yield 

Jier 
nute. 


I 


Feet. 
2,43S 

1,541 

-f400 
600 

1,548-2,004 


653 

415-7(10 
1,23»-I,d57 

2,900 

1, 568-1,  fl35 

836-1,306 

2,100-2,726 

843-2,050 

2,400 
845 
760 

451-924 

2,340 
1, 533-1,601 

720 

2,10»j 

600-1,500 

458 

2,106 

6TI 
1,394-1.618 
I  2,444 

1,404 
515 

1,600 

4264{.')2 

680? 
1,802 
l,5ft5-l,740 

750 
3,021) 


Inches. 


6 


GcUlons. 


Height 
water. 


Feet. 


>>  I 


-17 


Remarks. 


For  oil  or  gas. 
Do. 

Water  at  47)  feet. 

Several  oil  and  gas 
wells;  some  unpro- 
ductive. 

Gas  well. 

Several  oil  wells. 

Several  oil  wells;  one 
unproductive. 

For  oil  or  gas;  unpro- 
ductive. 

Several  oil  and  gas 
wells;  one  unsuo- 
cessful. 

Several  oil  wells; 
mainly  productive. 

For  oil  or  gas,  unsuc- 
cessful. 

For  oil  or  ga.s,  one  nn- 
productive. 

Gas  well. 

Oil  and  gas  well. 

For  oil  or  gas. 

Do. 

Gas  and  oil  well. 
Gas  wells. 

For  oil. 

Small  gas  well. 

Numerous  oil  and 
gas  wells,  mainly 
productive. 

Coal  prospect,  unsuC' 
cesHful. 

For  oil  or  gas,  unpro- 
ductive. 

For  oil. 

Oil  and  gas  wells. 

For  oil  or  gas,  unpro- 
ductive. 

For  oil  or  gas. 

Coal  i>rospect. 

For  oil  or  gas,  aban- 
doned. 

Several  oil  and  gas 
wells. 

Oil  well. 

Oil  and  gas  well. 

Many  oil  and  gas 
wells. 

For  oil  or  gas,  unpro- 

ductive. 
Several  oil  wells. 


»  Record.  Pa.  2d  Geol.  Surv.,  Reix)rts,  Vol.  I», 

pp.  315-316. 
» Ibid.,  Ann.  Rept.  for  1886,  part  2,  pp.  725-730. 
»  Ibid.,  Vol.  I^  pp,  26-27,  375-376. 
« Ibid.,  p.  146. 
» Ibid.,  VoL  II,  pp.  66-69. 
•Ibid.,  Vol.  I\pp.  157-159;  Vol.  Ill, pp. 41:M14. 


pp. 


'Ibid.,  Vol.  I»,  pp.  106-167. 
'         ~     t.  for  188r 

>.  219-222. 


*rbid.,  Ann.  Rept.  for  1886,  part  2,  p.  178;  Vol. 
-388. 

>o Records,  Pa.' jSd  Geol.  Surv.,  Reports,  Vol.  I», 


II,  pp.  266-S 
•Ibid.,  Vol. II, 


pp.  150-161. 
"Ibid-,  Vol.  IS  pp.  140-141. 
>«Ibid.,  Vol.  I»,  pp.  261-382. 
>»Ibid.,VoLQ«,  p.212. 
»<Ibid.,  Vol.  Q*,  pp.  216.234-238. 
i»lbid..  Vol.  f*,  pp.  69-61. 


>«lbid.,  Vol.  1*,  p.  228. 

>'  Ibid.,  Vol.  I*,  pp.  259-201. 

'» Ibid.,  Ann.  Rept.,  1886,  part  2,  pp.  77.V776. 

»»Ibid.,  Vol.  II,  pp.  203  20f,  210-214;  Vol.  I*, 

62453. 
««  Record.  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  I», 

pp.  284-205. 
«>  Ibid..  Vol.  HH,  p.  .JO. 
s'^Ibid.,  Vol.  II.  pp.  25:5-258. 
««Ibid.,  Ann.  Rept.,  1886,  part  2,  pp.  780-781. 
"Ibid,  Vol.  I*,  p.  90. 
**  Record.  Am.  Phil.   Soc.,  Proc.,  vol.  16,  pp. 

307-^570. 
«•  Record.  Pa.  2d  Geol.  Surv.,  Reports,  VoL  I», 


pp.  257-258. 
"  ibid!',  ^L  I»,  pp.  165-166. 


"Ibi 


).  199-203;  Vol.  II,  pp.  263-285. 
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PEXT<irS  Y  L.VANIA— Continued, 


L(K>ation. 

County. 

Depth. 

Diame- 
ter. 

Inches. 

Yield 

per 

minute. 

(Gallons. 
Few. 

Height 

or 

water. 
Feet. 

Remarks. 

Eagle  Station 

Delaware 

Washington  . 

Schuvlkill... 
Allegheny  ... 

Northamp- 
ton. 
Washington  . 

C^ambria 

Clarion 

Warren 

Tiosa 

Feet. 
1.700 
604 

585 
1.104-1,243 

500 

1.060 

1,000 
1,288 
1,016 

415-481 

East  Bethlehem 

Salt  well,  abandoned. 

Township.  1 
East  Brookside 

8 

Oil  well. 

East  Deer  Township  " 

Several     gas    weUs, 
one  abandoned. 

Easton 

105 

-43 

East    Pike    Ban 

Gas  well. 

Township.' 
Ebensburg 

5J 

Many. 

ICo  flow. 

£klenburg  * 

Qood  oil  welL 

Edenbarg    (1    mile 

L-       -      - 

southeast).* 
Eldred  Township ' . . . 

Oil  and  gas  weUa. 
For  oil  or  gas. 

Elkland 

Elklick 

Somerset 

do 

-fl,500 

2,000 

077-1,450 

1,500 
±1,600 

1,486 

1.510 

•**'•" --•" 

Do 

*■•■"""■" 

For  oil. 

Elk  Township  T 

Clarion 

Warren 

AUegheny  ... 

do 

Several   oil    or    sas 

Do.« 

wells,  some  unpro- 
ductive. 
For  oil,  abandoned. 

Elrod 

For  oil  or  gas,  aban> 

Do.» 

Flows 

doned. 
For  oil  or  gas,  unsuc- 

Elrod  (1  mile  north).! do 

cessfuL 
For  gas,  abandone'L 

Elrod  Township  "...    Warren 

Emelton  (vicinity)' > .   Venanaro 

.588-914 
720-1.000 

For  oil  or  gas. 
Numerous  oil  wells. 

Emporium" 

Cameron 

do 

1.410 

-»-4<K) 
1,607 

474-487 
462-800 

4.4110 

1.250-1,418 
470-8U) 

1,G45 
1,60({ 
3.040 

1,421-1.604 

700-1.000 
1,140-1,166 

1,147-1,. 550 

mainly  prodacti  ve. 
For  oil. 

Do 

Emporium  (4  miles 

do 

Warren 

do 

Erie 

For  oil  or  gas,  unpro- 

northwest)." 
Enterprise** 

ductive. 
Several  oil  wells. 

Enterprise      (vicin- 

Do. 

ity)." 
Erie" 

For  oil  or  gas,  aban- 

Do." 

do 

doned. 
Qas  wells. 

Do 

do 

Numerous  gas  and 

Fairoaks".: 

Beaver.. 

do 

Jefiferson 

Butler 

Erie 

oil  wells. 
Small  oil  welL 

Fairoaks  (vicinity)*'. 

Qas  welL 

Falls  Creek  Station 

Da 

(near)." 
Fair  view  Township  *  * 

Numerous    oil    and 

Do." 

gas  wells. 
Several  gas  wells. 

Farrentown" 

Armstrong .. 

Several  *oil  and  Kaa 

Fawn  Township 

wells. 
HAVAra]     good      fn>^ 

Forest  City 

Wayne  ...... 

wells. 
Coal  prospect. 
Sulphur  water. 
Abandoned. 

Foresthill 

Union. ..:... . 

Dauphin 

Butler 

Armstrong  .. 
Venango 

do 

Washington . 

480 

--.- 

Flows. 

Fort  Hunter 

2,675 

1,. 553-1, 683 

805-044 

400 

3.880 

2,608 

6     

Forward  Township** 

Oil  and  gas  wells. 
Small  oil  wella. 

Foxburg"* 

Franklin    (i    mile 

Flows. 

Good  oil  welL 

northeast).*' 
Franklin     (8    miles 

1 

For  oil  or  gas,  unnro- 

south)." 
Franklin  Township  *'' 

ductive. 
For  oil  or  gas,  aban- 

doned. 

1  Record,  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  K, 

pp.  178-170. 
«Ibid.,  Vol.  P,  pp.  237-238. 
« Ibid.,  pp.  302-m 

*  Ibid.,  Vol.  P,  pp.  130-140. 
» Ibid.,  Vol.  II.  p.  220. 

•  Ibid.,  Vol.  I*,  pp.  .'V2-.'j3. 

'  Ibid.,  Vol.  II,  pp.  230-232;  Vol.  III.pp,  415-416. 

"Ibid.,  Vol.  P.  p. 30. 

•Record,  Pa.  2d  Geol.  Surv.,  Report  for  1886, 

part  2,  pp.  667-668. 
"Ibid.,  Vol  II,  pp.  105-106. 
»» Ibid.,  pp.  222-; 


»•  Record.  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  I», 

pp.  187-102. 
"  Ibid.,  Vol.  IS  pp.  122.  200. 
>«  Ibid.,  Vol.  I»,  pp.  232-233. 
"Ibid.,  p.  233. 
*®Ibid.,  p.  164. 

«J  Records,  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  II. 
K  24*)  262. 

(^*.  pp.  262-268. 
«» Ibid. ,  Vol.  n.  pp.  242-24a 


bid.. 


I.,  pp., 
"Ibid.,Vol.  GSp.  140. 

L,  p.  141. 
"  Ibid.,  Vol.  II,  j>p.  65-66 

o  " 
360. 


"  Ibid.,  p.  141. 

1,  pp.  0 
"  Record,  Am.  Phil.  Soc.,  Proc.,  vol.  16,  pp.  387- 


«♦  Ibid..  Vol.  P.  p.  208. 

«»  Ibid.,  Vol.  II. pp. 237-238. 

»« Ibid.,  Vol.  P.  p.  65. 

»'  Ibid. .  Vol.  I*,  pp.  185-186. 

"Ibid.,  p.  270. 
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PENNSYIiVANIA— Continued. 


Location. 


Franldin  Toiwnship  > . 

Da« 

Oaines' 


Gallagher  Township. 
Georgetown* 


German  Township  " 
Gerties  Run* 


Gonnty. 


Gibsonia    (i     mile 

west).' 
Ginurd  Township  " . . . 
Good  Intent  Cf^  miles 

south  west).* 
Great  Belt  City  (vi- 

cinity).>» 
Greece  City  (3  miles 

west).  *  * 
Greece  City  (vlcin- 

ity).»« 
Greene  Township 


Allegheny  . . 

do 

Tioga 

Clinton 

Beaver 

Payette 

Allegheny  . . 

...do 

Erie 

Washington 


Butler 

do. 

...do. 


Oreene. 


Greenfield Erie 


Greensboro"     

Greensbnrg  (4  miles 

soathweat).** 
Hamilton  Township** 
Hamlin  Township^*. 


Do." 


Hammersley  Fork . . . 
Hanover  Township  ^^ 
Harrisbnrg 

Do 

Harrison  Township  >  * 

Do." 

Harrisville  (yicin- 
Itv.)" 

Hazleton 

Hebron" 

Hempfleld    T  o  w  n  - 

ship." 
Herman" 


Hickory 

Hickory  (2^  miles 

soathwest)."^ 
Hickory    (2  miles 

southeast).'* 
Hickory  ( vicinity) »» 

Highland  Township*' 


Hollenback 

Homestead  (vicin 

ity)." 
Homewood  Station  . 


Qreene. 
.....do.. 


McKean 
do... 


do. 


Clinton  ... 

Beaver 

Dauphin . . 

AUogheny 

Potter 

Butler 


Luzerne 

Potter 

West  more 

land. 
Butler 


Washington 
do 


do 

do 

Elk.... 


Bradford  . 
Allegheny 

Beaver 


Depth. 


Feet. 
1,90&-2,1SO 


Diame- 
ter. 


Yield  I  Height 
per     I       or 
minnte.    water. 


Inches. ,  Gallona. ;     F^et. 


{ 


±1,500 
1,345 

3.505 
1,430 

1,19ft 

1:1.600 

2,017 

080 
2,730 


1,876 
1.500 
l,42fr-l,530 


780 
668 
760 

2,011 
2,316-2,400 


1,613-1.768 

-1.800 
1,644 
2,8(0 
+400 
1,109-1, 300 
1,905 
880-1,367 

482-690 
1,286 
1,255 

1,784-1,901 


2.246 
2,205 
700-1.151 
2,095-2,448 


600 
1,744 


1,500(?) 

iReoords,  Pa.  8d  Geol.  Surv.,  Reports,  Vol.  I*, 

pp.  261-254. 
«Ibid.,Vol.I^p.l44. 
s  Ibid. ,  Vol.  I»,  pp.  147-148. 
«Ibid..p.23!J. 
'Ibid.,  pp.  321-823. 

•  Ibid. ,  Ann.  Bept.  for  1886,  part  2,  pp.  742-744. 
'Ibid,  Vol.  P.  p.  242. 

•  Ibid.,  Vol.  Q*.  p.  259. 
•Ibid.,  Vol.  P,  pp.  306-306. 

>«  Ibid.,  Vol.  P,  p.  138. 
»»Ibid.,p.l4L 
»*  Ibid.,  Vol.  IL  pp.  247-248. 
>•  Ibid. ,  Ann.  Kept,  for  1886,  part  2,  p.  774. 
««Ibld.,Vol.P,p.l45. 

&•  Record  Pa.  2d  Geol.  Surv.,  Reports,  VoL  R, 
I>p.  806-267. 


6 


Remarks. 


Several 
wells. 


oil  or    gas 


For  oil  or  gas. 

For  oil  or  gas,  aban- 
doned. 

For  oil  or  gas,  aban- 
doned. 

Gas  well. 

For  oil  or  gas,  aban- 
doned. 

For  oil  or  gas. 

For  oil,  unsuooeasf  ul. 
For  oil  or  gas,  unpro- 
ductiva 


Da 

Several  oil  and  gas 

weUs. 
Oil  and  gas  well. 
Large  gas  well. 
Oil  well. 
Do 

Oil  well. 

Several  oil  wells; 
some  unproduc- 
tive. 

Several  oil  wells;  one 
abandoned. 

For  oil. 

For  gas.  Abandoned. 
Two  wells. 
Several  gas  wells. 

For  gas  or  oil. 

Coal  prospects. 
For  oil. 
Gas  well. 

Several  oil  and  gas 

wells. 
Gas  well. 
Large  gas  well. 

Large  flow  of  gas. 

Several  large  gas 
wells. 

Many  oil  and  gas 
wells:  some  aban- 
doned. 

For  oil  or  gas. 

Do. 


»«Ibid.,  Vol.  I»,  pp.  151-152. 

"Ibid.,  Vol.  R,  pp.  179-182;  Vol.  I«,  pp.  111-113. 

>»  Ibid.,  Vol.  1»,  pp.  2:J5-33a 

>•  Ibid.,  Ann.  Rept.  for  1886,  part  2,  pp.  684-686. 

»«>  Ibid.,  Vol.  G»,  pp.  80-81. 

«» Ibid.,  Ann.  Rept.  for  1886,  part  2,  pp.  718-719. 

"Ibid.,  Vol.  G».  p.  79. 

"  Ibid.,  Vol.  I»,  p.  233. 

"  Ibid.,  pp.  196-197. 

«»Ibid.,  Ann  Rept.  for  1886,  part  2,  pp.  754^755. 

"Ibid.,  pp.  769-772. 

«'  Ibid.,  pp.  758-760;  Am.  PhiL  Soo.,  Proc.,  vol.  16, 

p.  489. 
»f*  Ibid.,  Pa.  2d  Geol.  Surv.,  Ann.  Rept  for  1886, 

part  2,  pp.  707-709;  Vol.  I»,  p.  156. 
"im,pp.  f44-746. 
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PENNSYIiVANTA— Continued. 


Location. 


Homewood  Station 

(vicinity).* 
Honesdale    (5  miles 

from). 
Honesdale   (6  miles 

north).* 
Hopewell  Township ' 

Horatio 

Howe  Township  * 

Do.(?>» 

Holton  8tation(near) 


County. 


Beaver 
Wayne. 
do. 


Beftver 

Jefferson  . 

Forest 

do 

Allegheny 


Humes  Station     Clinton 
(near).* 

Huntingdon 

Hy  ner  Station  (near )  ^ 

Independence  Town- 
ship. " 

Irwin 


Huntingdon 

do 

Beaver 


Do.» 

Jacks  Ruft  10 


Jackson  Township  *  > . 

Jamestown  " 

Jefferson  *• 

Jefferson  Center  ^*... 
Jefferson  Township  *  * 
Jenks  Township  *•... 


Ek)." 


Jormyn 

Johnsonburg    S  t  a  - 

tion. " 
Johnstown*" 


Johnstown  (4  miles 

west).«o 
Jones  Township  ** . . . 

Karns  City  (i  ndlc 

south)." 
Kingsley  Township  «' 

Einzua  Township  ** . 


Knox  Township  "* . 
Ijafayette   Town 

8hip.2« 
Lardens  Mills".... 
Latrobe*^ 


West  more- 
land. 

.-.do 

Allegheny . . 

Venango 

Mercer 

Greene 

Butler 

Allegheny .. 
Forest , 


do.. 


Lackawanna 
Elk 

Cambria 

do 

Elk 

Butler 

Forest 

Warren 


Depth. 


Feet. 
025 

8,600 

1,606 

1,490-1,572 

543 

1,475-1,985 

2,833 


Jefferson 
McKean  . 


Butler 

Westmore- 
land. 
Armstrong  . 

Fayette 


Erie 

McKean . 


1,821 

400 

1,187 

+1,223 

4.380 

2,840 
1,724 

688 
1,063 
2,658 
1,732 
2,014 
400-1,008 


1,310-2,605 

780 
2,510 

2,856 

2,500 

1,835-1,756 
1,454 
2,200 

1,048-2,285 

1,608-2,000 
2,111-2,490 

1,140 
1,960 

1,017 

2,100 

780 
1,130 


Diame- 
ter. 


Inche*. 


L  awrencebu  r g 

(south  of ).«» 
Lay  ton  Station  "».... 

Leboeuf 

Limestone    (3  miles 
south). 

»  Record,  Pa.  3d  Gool.Surv., Reports, Vol.  QQ, 
pp.  350-251. 

« Ibid.,  Vol.  G«,  pp.  91-93. 

» Ibid.,  Vol.  I»,  pp.  3:M-235. 

<Ibid..  Vol.  I*,  pp.  79-81;  Ann.  Rept   for  1886, 
part  2.  p.  700. 

» Ibid..  Ann.  Rept.  for  1886,  part  2,  pp.  /(M)-701. 

« Ibid.,  Vol.  I»,  p.  197. 

'  Ibid  ,  Vol. G<. pp.  131-134. 

8  Ibid.,  Ann.  Rept.  for  1886.  part  2,  pp.  779-780. 

•  Ibid.,  Vol.  P,  pp.  221-322. 
"  Ibid.,  Ann.  Rept.  for  lim,  part  2,  pp.  748-740. 
»»Ibid.,Vol.II,p.20L 
»« Ibid.,  pp.  274-275. 
»» Ibid..  Vol.  I»,  pp.  314-315. 
»<  Ibid.,  Ann.  Rept.  for  1886,  part  3, pp.  716-717. 
"Ibid.,pp.752-7fc. 


6 


Yield 
ate. 


Gallons. 


Many. 


25 


Height 

of 
water. 


Feet. 


-10 


Flows. 


Remarks. 


For  oil  or  gas. 

Two  oil  wells;  aban- 
doned. 
Poroa 


Several  oil  wells. 

Gas  well. 

For  gas;  ansuooess- 

ful. 
For  oil  or  gas;  anpro- 

dactive. 
Several  wells. 
PoroiL 
For  oil  or  gas;  nnpro- 

dactiye. 


Do. 
Fresh  water  at  1,600 

feet. 
Oil  weU. 
Oil  and  gas  welL 

Oil  well. 

Qaa  well. 

Several  gas  or  aQ 
wells;  anproduc- 
tive. 

Several  wells;  main- 
ly unproductive. 

Large  gas  well. 


For  oil  or. 
doctive. 
Do. 


eras;  unpro- 


Two  oil  wells;    one 
abandoned. 


For  oil  or  gas;  unpro- 
ductive. 

Several  oil  wells; 
mainly  unproduc- 
tive. 

Moderate  gas  wells. 

Several  oil  and 
wells. 

Gas  well. 

For  oil  or  gas. 


For  oil  or  gas; 

nroductive. 
Ou  and  gas  woU. 
Oil  well. 


on 


»•  Ibid.,  Reports,  Vol.  I*,  pp.  81-83. 

>'  ibid.,  pp.  83-86;  Ann.  Kept,  for  1886,  part  2. 

pp.7()^705. 
»« Ibid.,  Ann.  Rept.  for  1886, part  2.pp.no-7U. 
>•  Ibid.,  Reports,  Vol.  P.  pp.  169-170. 
«» Ibid.,  pp.  170-171. 
ai  Ibid.,  Vol.  l*,pp.  127-128. 
"  Ibid.,  Vol.  n,  pp.  262-283. 
a'  Ibid.,  Ann.  Rept.  for  1886,  part  2,  pp.  703-701. 
«<  Ibid.,  Vol.  I*. pp. 27-29. 
«*  Ibid. ,  Vol.  I»,  pp.  162-163. 
«•  Records,  Fa.  2d  Geol.  Surv.,  Repta.,  Vol.  I»,  pp. 

152-53. 
«'  Ibid.,  Vol.  n.,pp.  270-271. 
»8  Ibid. ,  Vol.  I»,  pp.  283-224. 
"  Ibid.,  Vol.  n..  p.  243. 
"  Ibid. ,  Vol.  I»,  pp.  318-519. 
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PENNSYIiVANIA-Continued. 


Location. 


Littlestown 

Liitle  WaBhiDfiTton. . . 
Lockhaven 


Lottsville  * . 


LoTelton  (pear) 

Mabanoy  City  (near) . 

Manchester^ 

Marienville  (near)  *. . 
Marion  Township  *  . . 
Mars  Station  (near)^ . 

Marshall  Township  * . 

Masontown^ 

McOandless  T  o  w  n  - 
ship." 

McDonald* 

McKeemaort  Borough 
Meadville»» 


County. 


Adams 

Washington . 
Clinton 


Warren 
Wyomin 


wyonung. 
Schnylkm 

York 

Forest 

Bntler  .... 
-...do 


Mercer  (near)  >  * 
Miam  Hollow  13. 


Middlesex  (near)i'  .. 

Middlesex,  West  (1 
mile  south).'* 

Middlesex  Town- 
ship.'* 

Mill  Creek  Town- 
ship." 

Millvale'^ 


Millville"^ 

Monongahela '  *  . . . 
Moon  Township  2" 

Do.'' 


Motiroeville  (1  mile 
southeast). '3 

Montana 

Mount  Carmel 


Allegheny  . . 

Fayette 

Allegheny  . 

Washington 
Allegheny . . 
Crawfbrd... 

Mercor 

McKean 


Mercer. 
do.. 


Mount      Morris 

(near)." 
Murrysville '■» 

Mnrrysvillo    (vicin- 
ity)." 
Nellltown(vicinity)" 


Heville  Island  ^^. 
Newcastle** 


Butler 

Clarion 

Allegheny . . . 

CHarion 

Washington . 
Allegheny . . 

Beaver 

Allegheny . . . 

Columbia 

Northnmber 

land. 
Greene 


I.IW) 
l,h20 
1,305 

res 

1,900 

1.830 

2,110 

2,312 

1.640 

900 

1^702 
1.380 

2,080 
3,484 

1,785-1,990 

2,323 

1.665 

2,280 
2,152-^,218 
1,800-2,337 

1,257-1,680 

1,798 

717-722 
900 

1,772 

1,337-1,440 

1,312-1,465 

780-996 

1,686-1,837 

2,700 

1,912 

700-9«i 

1,830 

800 
12.970-3,221 

«  Records,  Pa.  2d  Qeol.  Surv.,  Bepts.,  Vol.  I*, 

pp.  232-238. 
«  Ibid..  Vol.  II,  pp.  278-279. 
3  I  bid. ,  Vol.  G*,  pp.  146-147. 

*  Ibid..  Ann.  Bept.  for  1886,  part  2,  p.  T20. 

*  Ibid.,  Vol.  I», p. 210. 
•Ibid.,  pp.  242-243. 

7  Ibid.,  pp.  322-323. 
«Ibid.,p.254. 

*  Becord,  W.  Va.  Geol.  Surv. ,  Bepts.,  Vol.  1, 1888, 

pp.  214-30. 
> 0  Pa.  2d  (Jeol.  Surv.,  Bepts.,  Vol.  Q^,  p.  175. 
» «  Record,  ibid..  Vol.  II.,  p.  275. 
"  Record.  Pa. 2d  Geol.  Surv.,  Beports,  Vol.  I<, 

p.  87. 
«3  Ibid-,  Vol. I»,pp.229-230. 
2*  Ibid., pp. 29^-231. 
»»  Itrfd.,  Vol.  n.  p.  271;  Vol.P.pp.  197-198;  VoL 

IlI,pp.4O4-406. 


Westmore- 
land. 
.....do 


Forest 


Allegheny 
Lawrence 


Newcastle  ( vicinity ) . ; do . . 

Do I do.. 

N'ew  Sewickley  i  Beaver. 

Township.  •»  | 

Newton  Hamilton  . . .    Mifflin  . 
Nineveh  (vicinity)  •»  1  Greene. 


Depth. 


Feet. 


500 


3,525 
96(»-1.515 


,  minute. 


Inches.  iroUons. 


6i 


•> 


Many. 


Height 

of 
water. 


Feet. 


Flows. 


2 


51 


Many. 


Flows. 


Bemarks. 


Two  g»R  wells. 

For  oil  or  gas;   un- 

suecessfuL 
Two  oil  or  ms  wells; 

abandoned. 
Deep  well. 
Temp.  51". 
For  oil  or  gas. 


For  oil  or  gas;   un- 
productive. 

Gas  well. 
For  oil  or  gas. 

Gas  well. 

Do. 
Several  oil  wells  in 

this  vicinity. 
Gas  well. 

For  oil  or  gas;  unpro- 
ductive. 
Do. 
Do. 

Several  oil  and  gas 
wells. 

For  oil  or  gas;  unpro- 
ductive. 

For  oil  or  gas;  unsuc- 
cessful. 

Oil  and  gas  well. 

Gas  wells. 

Several  oil  and   gas 
wells. 

Several    oil    or    gas 
wells. 

Fresh  water. 


Oil  well. 

Numerous    oil    and 

gas  welLs. 
Large  oil  field. 

Numerous  oil  and 
gas  wells;  some  un- 
productive. 

Several  oil  and  gas 
wells. 

For  oil  or  gas;  un- 
productive. 

Gas  and  oil  well. 

Several  wells. 

For  oil  or  gas;  unpro- 
ductive. 

Not  in  operation. 

Several  wells. 


»•  Ibid.,  Vol.  II,  pp.  232-334. 

"  Ibid.,  Ann.  Bept.  for  1886,  part  2, pp.  741-742 

i»  Ibid. ,  Beports,  Vol.  III.  pp.  411-412. 

»•  Ibid.,  Vol.  P,  p.  301. 

«o  Ibid.,  pp. 263-268. 

91  Ibid.,  Ann.  Bept.  for  18»i,  part  2,  pp.  688-^89. 

"Ibid.,  pp.  746-747. 

«>  Becord,Pa.  2d  Geol.  Surv.,  Beports,  Vol.  I», 

pp.  316-317. 
"Ibid.,  pp.  215-218. 
"  Ibid.,  Ann.  Bept.  for  1886,  part  2,  pp. 673-674, 

721-724 
"  Ibid. ,  Beports,  Vol.  I*,  pp.  60-77. 
«'  Ibid. ,  Vol.  I*,  pp.  258-aiO. 
"  Ibid..  Vol.  G«,  pp.  151-152;  Vol.  11, pp. 275-276. 
"  Ibid. .  Vol.  I*,  pp.  231-232. 
»o  Ibid.,  pp.  30^312. 
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PENN8YL1VANIA— Continued. 


Location. 


North   Mahoning 

Township. 
North     Strabane 

Township. 
North  Wapren(near)i 


Do.« 


Do.» 

Oakdale  Station   (3 

miles  north).^ 
Oakland  Township  ^ . 
O^Harra  Township  • . 

Ohio  Township  ^ 


Oil  City* 

Do.» 

OH  Creek  Township 
Do." 

Olmstead  (near) 

Oneida    Station   (U 

nLlleseast).** 
Osterburg   (2  miles 

northwest). 

Parker  City  i« 

Parker  Township  " . . 

Pennsbnrg: 

Penn  Township  >*.... 

Do.»» 


Do.i' 


County. 


Indiana 

Washington 
Warren 


.do 


do 

Allegheny . . 

Venango 

Allegheny  . . . 

do 


Venango.. 

do 

Crawford . . 
Venango... 
McKean  ... 
Butler 


Bedford. 


Armstrong . . 

Butler 

Montgomery 
Allegheny  . . . 

Butler 


Westmore- 
land. 

do 

Armstrong  . . 

.  ...do 

Venango 


Butler 


Philadelphia. 

do 

do 

do 

do 

do 

do 


Do."  

Perry  Township »".  . 
Do.i» 

Petroleum  Center*". 

Petrolia  (vicinity) '"- 

Philadelphia  (Mel- 
rose ). 

Philadelphia  (Am- 
bler Works). 

Philadelphia  (Mo- 
rocco Works). 

Philadelphia  (N.  & 
G.N.Taylor). 

Philadelphia  ( League 
Island). 

Philadelphia  (Hog 
Island). 

Philadelphia  (Twen- 
ty-fourth  and 
Brown  streets). 

Philadelphia  (Thir- 
teenth and  Mount 
Vernon  streets). 

Philadel  p  h  i  a 
(Seventh  and  Cal- 
low Hill  streets). 

I  Record,  Pa.  2d  Geol.  8urv.,  Reports,  Vol.  I«, 

pp.  1()-15. 
a  Ibid.,  pp.  11-13. 

» Ibid.,  p- 12- 

*  Ibid. ,  Vol.  l».  pp.  262-283. 

•Ibid..  Vol.  II,  p.  202. 

•Ibid..  Vol.  P,pp. 239-241. 

Mbid., pi)  244-251. 

"Ibid.,  Vol.  Ill,  p.  416. 

•Record,  Am.  Philos.  Soc..  Proc.,  Vol.  16,  pp. 

482-487;  Pa. 2d  Geol.  Surv.,  Reports,  Vol.  Il, 

pp.  204-206. 
"Ibid..  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  I*, pp. 

53-54. 
"Ibid.,  Pa.  2d  Geol.  Surv.,  Ann.  Rept.,  1886, 

part  2,  pp.  717-718.    . 


...do 
...do 


Depth. 


Diame- 
ter. 


Feet. 
2,616(?) 

1,800 

475-965 

1,200-1,400 


1,835 
2,164 

640 
L 050-2. 060 

l,71&-2,240 

1,070 
540-818 
3,500 
902-1,000 
1,040 
2,135 

800 

850 
1,183-1,418 
1,000 
1,760 

1.628-1,826 


2,495 

1,580-1,090 

801-960 

791 

600-900 

1,400-1,631 

658 

500 

600 

670 

600 

456 

495 

3,081 

452 


Inches. 


10-« 

6 

6 

\2 


6 

8 
8 


m: 


Yield 
per 
innte. 


Gallons. 


160 
260 
500 
260 


60 

2,600 

160 


Height 
water. 


Feet. 


+3 


-6 


Remarks. 


Gas  well. 
Small  gas  welL 

Numerous  gas  and 
oil  wells:  soine  un- 
productive. 

Several  oil  and  gas 
wells;  unproduc- 
tive. 

For  oil;  abandoned. 

For  oil  or  gas. 


For  oil  or  gas;  un- 
productive. 

Numerous  gas  and 
oil  weUs. 

Several  oil  wells. 
For  oiL 

Several  oil  wells. 
Oil  weU. 
Gas  well. 


Oil  well. 
For  oiL 

For  oil  or  gas;  unpro- 
ductive. 

Numerous  oil  and 
gas  wells;  some 
good  producers. 

Large  gas  well. 

Several  larg«  gas 
wells. 

For  gas  or  oiL 

Oil  and  gas  well. 

Numerous  oil  vrellTs; 
mainly  productive. 

Numerous  gM  and 
oil  weU& 


'  a  Ibid. .  Reports,  Vol.  II.  p.  242. 

i"Ibid.,pp.'243-246. 

^*  Ibid. ,  Ann.  Rept.  for  1886,  part  2,  pp.  74^7Sa 

"Ibid.,pp.7ia-716;  Vol.I»,pp.a08-afe. 

"•Ibid.,pp.  219-220. 

"Ibid.. pp. 218-219;  Ann.  Rept.  for  1886,  part  2. 

pp.  ^725. 
"  Ibid..  Vol.  II,  pp.  240-«41. 
"  Ibid.,  Vol.  m,  pp.  416-417. 
«•  Records,  Am.  PhiL  Soc.,  Proc,  voL  16,  twk 

470-4n. 
31  Records,  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  II, 

pp.  260-261,  283-296. 
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PENN8Yi:iVANIA--Ck>iitinned. 


Location. 


Philadel 


I  Crown  am 


Sh  i  a 
Wil- 
low streets). 

Philadelphia  (Fif- 
teenth and  Market 
streets). 

Philadelphia  (108 
Sonth  Broad 
street). 

Philadelphia  (Broad 
street  below  Lo- 
cust). 

Philadelphia  (Am- 
holt  Sk  Scliaefer 
BrewinirCo.). 

Pike  Township  1 


County. 


Do.« 


PineKTove ... 
Pinegrove 
bhip.* 

Do.* 

Do.» 


Town- 


Philadelphia. 
do... 


.do 
.do 
.do 


Potter 
do. 


Schnyikill 
Venango.. 


do... 

Warren, 


Pine  Township  * 
Do.' 


Allegheny . 
ArniMtrong 


Pioneer  (vicinity)  * .  -    Venango 
PitholeCity* do 


Pittsbnrg Allegheny. 

Pittsbnrg(Langave-  do 

nne    and    Qrazier 
street).  >» 

Pittsburg  (Twenty- 
first  Ward). 
Do 


Pittsbnrg  (Twenty- 
fifth  Ward)." 

Pittsburg  ( Twenty-  i do 

fourth  Ward ».»« 

Pitt8burg_  (Pour-    do 

teen th  Ward). »» 

Pittsburg  ( near  steel    do 

works).** 

Pittsburg  (just  out-   do 

side  of  city). 
Do I do 

Pittsburg     (Thirty- 
fourth  Ward).  »* 

Pittsburg  (Twenty-    do 

first  Ward ).»•  i 

Pittsburg  (Twenty-   do 

third  Ward).  ! 

Pittsburg     (ITiirty-    do 

third  Ward).»' 


Pittsburg  ( Fifteenth 
Ward).*" 

Pittrtburg  (Twenty- 
first  Ward). 

Pittsburg  (Twenty- 
sixth  Ward) 


.do 


Depth. 


Feet. 
1,000 


600 

&» 

1,500 

1.835 

1,600 

450 
1,860-2,060 

912-1,070 
760-1,830 


2.010  ' 
1,410-1.683 
437-980 

747 

5,500  ! 
4,700* 


1.616 

1.620 

3,000 

1,826 

2,007 

2,360 

1,901 

1,600 
2,014 

1,635 
1,600 
1,577 

1,676 
1,675 
1,635 


Diame- 
ter. 


>  Records,  Pa.  2d  Qeol.  Surv.,  Reports,  Vol.  I», 

pp.  148-149. 
9  Ibid.,  pp.  149-150. 
'Ibid.,  p.  184. 
« Ibid.,  Vol.  I*,p.e4. 
» Ibid.,  pp.  16-18. 
•  Ibid.,  Vol.  I»,  pp.  243-244. 
»  Ibid.,  Vol.  Til,  pp.  409-410;  Vol.  II,  p.  277. 
•Ibid., Vol. II, pp. 43-64;  Am. Phils.  8or.,  Proc., 

vol.  16j)p.  468-471. 
•Records, Pa.  2d  Qeol.  Surv.,  Reports,  Vol.  I^, 

p.  179. 


Yield  ;  Ueiffht 
per  of 

minute.'  water. 


Inchet. 
10 


8 


8 


8 


Oallona. 
100 


100 


60 


110 


60 


Many. 


Feet. 


Nofiow. 


5HV4 


51 


5t 


Remarks. 


For  oil  or  gas;  unpro- 
ductive. 

For  oil  or  gas;  aban- 
doned. 

Several  oil  wells. 

'  For  oiL 

I  Several  oil  and  gas 
wells;  small  pro- 
duction. 

Two  gasand  oil  wells. 

(^il  and  gas  wells. 

Numerous  oil  wells; 
larfj^e  production. 

For  oil  or  gas;  unpro- 
ductive. 

No  water  below  1,100. 

For  oil  or  gas;  aban- 
doned. 

Gas  well. 

For  oil  or  gas;  aban- 
doned. 
Large  gas  well. 

Gas  weU. 

Dry  hole. 

For  oil  or  gas. 

Gas  well. 

Small  fiow  of  gas. 

For  gas;  unsuccess- 
ful, owing  to  salt 
water. 


For  gas;  flooded 
with  salt  water. 

For  oil  or  gas;  aban- 
doned on  account 
of  salt  water. 

For  oil  or  gas;  aban- 
doned. 

For  gas;  flooded  with 
water. 

For  oil  or  gas;  aban- 
doned on  account 
of  salt  water. 

'«>  Ibid.,  pp.  276-277. 

»» Ibid.,  Ann.  Rept.,  1886,  part  2,  pp.  730-738. 

»a  Ibid.,  pp.  733-736. 

»» Ibid.,  pp.  7a^-r37. 

>*  Record. Pa.  2d  Geol.  Surv.,  Reports,  Vol.  Ill, 

pp.  ;»8-100. 
>*  Ibid.,  Ann.  Jlept.  for  1886,  part  2,  pp.  7:»-741. 
»•  Ibid.,  Vol.  I»,  pp.  275-276. 
>'  Ibid.,  Ann.  Rept.  for  1886,  part  2,  p.  738. 
»'"Ibid.,p.741. 
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PEITN'SYIiVANIA— Continned. 


Location. 


Smethport     (west 

of).' 
Smethport  (Tlcin- 

ity).*^ 

Smiths  Perry « 


Snowden  Township  * 

Snydersburgr  * 

Sodom  (near)* 

Soath  Fayette  Towu- 

8hip.7 
South    Shenan^o 

Township.* 
South   Strabano 

Township.* 
South    Versailles 

Township. 
Do»« 


County. 


McKean. 
do... 


Southwest    T  o  w  n- 

shlp." 
SiMirta  Townahip  " . 


Spartansbnrg  (2\ 
mileH  southeast ) .  > ' 

Spenoo  Run  ** 

Spring  Township 

Spring  Creek  Town- 
ship. >» 
Do.  «• 


Springdale    Station 

(near). 
Springfield    T  o  w  n- 

ship. 
Stoneboro  (near)  " . . 
Stoneham  ( vicinity ) '  ^ 


Sugar  Run  >» 

Sugar  Creek  Town- 
ship. " 

Sulphur  Run  2 » 

Summit" 

Summit  Township  " . 

Do 

Tarentum 


Beaver 

Allegheny . . . 

Clarion 

Allegheny . . . 

Crawford 

Washington . 
Allegheny . . 
do 


Warren.-, 
Crawford . 

do 


AUeghenv 
Crawford. 
Elk 


Warren . 


Allegheny 
Erie 


Mercer. 
Warren . 


Tarentum    (vicin- 
ity)." 

Tarentum  (3i  miles 

northeast).** 
Tarentum  (U  miles 

southeast). 
Tay  lorstown  •• 


McKean.. 
Venango. 


do 

Butler 

do 

Erie 

Allegheny 


do, 


do 


Westmore- 
land. 
Washington 


Depth. 


JP^et. 
2,00i 

1,293-1,900 


600 

2,348 
1,'207 
2,275-2,f>n2 
2.140 

1,065 
2,410-2,503 

1,550 
1,510-1,624 

500-1.560 
466-1,607 

745 

1,990 
512 

880 

600-1,061 


Diame- 
ter. 


Inches, 


40r) 

960 
1,025-1,601) 


970 
58a-606 

925-1, 35(» 

1,822 

1,735 

400 

+1,160 

482-1,705 


2.010 


2,350-2,760 
2,380 


Throop Lackawanna 


>  Record.  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  R, 
pp.  271-272. 

a  Ibid,  pp.  272-276. 

ai])id.,Vol.  II,  pp.  281-282. 

*  Ibid.,  Vol.  1*,  pp.  275-274. 

•^  Ibid.,  Vol.  G^  p.  149;  Vol.  1*,  p.  140. 

"Ibid.,  Vol.  P,  pp.  289-273. 

'Ibid.,  p.  273. 

"Ibid.,  Vol.  QS  p.  153. 

•Ibid.,  Vol.  P,  p.  280. 

»»Ibid.,  Ann.  Rent,  for  1886.  Part  II,  pp.  751-752. 
"  Record,  Pa.  2cl  Geol.  Surv.,  Reports,  Vol.  I*. 
pp.  40-52;  Vol.  1»,  j).  855:  Am.  Phil.  See , 


Yield 

per 

minute. 


OaJlons. 


Height 
water. 


Feet. 


Remarks. 


For  oil;  abandoned. 

Several  oil  and  fras 
wells:  small  pro- 
duction. 

For  oil  or  gas;  unpro- 
ductive. 

Gas  well 

Oil  well. 

Several  gas  wella. 

Oil  weU. 

Do. 
Gas  wells. 
Gas  well. 

For  oil  or  gas;  aban- 
doned on  aoccrant  of 
salt  water. 

Nu  merouB  oil  and  gas 
wells. 

Several  oil  and  gas 
wells;  some  pro- 
ductive. 

Gas  well. 

For  oil  or  gas. 

Gas  well. 

For  oil ;  unsncoessf  ul. 

Several  oil  and  g3u% 
wells;  small  pro- 
duction. 

For  gas;  unsnccess- 
ful. 

For  oil :  unsucceasf  uL 

Oil  well. 

Several  oil  and  gas 
wells;  mostly  pro- 
ductive. 

Oil  weU. 

Two  oil  wells; 
abandoned. 

Two  oil  wdls. 

Ghis  welL 

Oil  well 

Gas  woU. 

For  ffas  or  oil; 
doned. 

Several  gas  and  oil 
wells;  small  pro- 
duction. 

gas:  nnpro- 


aban- 


For  oil  or  L 

ductive. 
For  oil  or 

doned. 
Several 

wells. 
Water  in  small  qnan- 

tity. 

*  Ibid. .  Pa.  2d  Geol.  Surv.,  Ann.  Rept.,  1886.  i«rt 


gas;  aban- 


gas    and  oil 


2,  p.  744 
ld.,~ 
Id.. 
»'Ibid.,p:i21. 


« » Ibid. ,  Vol.  IS  pp.  132-133. 
'«lbid..pp.25S-2®. 


Trans.,  vol.  16,  np.  346-367. 
»nbid..Vol.P.pp.  186^187;  Vol.Q«.p.227. 
»» Ibid.,  Vol.  II,  p.  69:  Am.  Philos.  Soc.,  Proc. , 


»Mbid.,  pp.  20-23. 

»"  Ibid,  Vol.  P,  p.  91. 

»« Ibid.,  Vol.  II,  pp.  20O-a)L 

«•  Ibid.,  Vol.  I»,  pp.  182-183. 

"  Ibid.,  Vol.  P, p. 404. 

"  Ibid .,  Vol.  II,  pp.  268-289. 

'*  Ibid.,  Vol.  P.pp.  4*)5-408. 

^'-  Ibid. ,  Vol.  P,  pp.  238-239. 

•''■'Ibid.,pp.298-m 


16,  p.  403. 


vol. 
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PENNSYIiVANIA— Ckmtinned. 


Location. 


County. 


Depth. 


j  Diame- 
ter. 


Tidioute (vicinity )»..    Warren. 


Tionesta  (near)' I  Forest 

Tionesta  Townsbip  * do . 


Titusraie Crawford.. 

TitusvlUe  (near)* do 

Titn8villo(viclnity)*  do 


Do.« 

Toby  Township' 

TowetCity 

Tremont 

Triumph'* 

Triumph  (vicinity )». 
Triumph  Township^  ® 

Do." 


Troy  Township. 


Venango 

Clarion  

Schuylkill. 

do 

Warren 

do 

do 


do 


Tryonville  (vicinity) 
Tuna  Valley" 


Turkey  City  (near ) » » 
Union  CJity>< 


Union  Township 

Uniontown  (3  miles 

northwest).** 
Upper  Middletown  *  * 

Upper    St.    Clair 

Townahip." 
Venice  (1  nille  north- 

west).'® 
Wall  Station  (near).. 


Waltz  Mill  (near)  i» 
Warren  (near )  »• 


Crawford 


do... 

McEean 


Clarion 
Erie.... 


do.. 

Payette 


Feet. 
408-715 


437 
554-2,177 

900 

3.553 

4O0-90d 

538-966 

1,4(J0 

418 


do 

Allegheny . . 
Washington 
Allegheny . . 


Westmore- 
land. 

Warren 


+472 

rao-815 

2,4(M-2,7U0 
8U5-906 
500-1,700 


eoo-1,000 

l,03r>-l,9W 

1,150 
1,623 

i,(iO() 

2,0)1 

2,247 

1,850 

1,768-3,151 
581-1,065 


Washington  «» Washington  .  '2, 285-2, 609 

Washington  (near)«« do 1,977-2,430 

Washington    Town-  West  more-  1,301-1,638 

8hip.««                       I  land. 

Waterford  (2  miles  !  Erie 650 

^^est ) 
Watson  Township**-,  Warren 1,936 


Wayne  Township  ".;  Lawrence 790 

Do Erie 800 

Do." Crawford....     600-1,100 

Waynesburg" Greene 2,745 

>  Record,  Pa.  2d  Geol.Surv.,  Reports.  Vol.1*, 

pp.  31-48:  Am.  Phil.  Soc.,  Proc.,  vol.  16,  pp. 

5fe-374. 
»  Be<!ord,  Am.  Philos.  Soc.,  Proc,  vol.  16,  p.  488. 
»lbid.,Pa.2d  Geol.  Surv.,  Reports.  Vol.  I<,  pp. 

77-79;  Ann.  Rept.  for  1886, part  2,  pp.  705-707. 
*Ibid.,  Vol.  Q*,  p.  184;  Vol.I9rp.154;  Vol.  IS  p. 

284. 

*  lbid.,Am.Philoa.  Soc.,  Proc.,  vol.  16,pp.4flO-498; 

Pa. 2d   Geol.  Surv.,  Reports,  Vol.  1*,  pp. 
Ili^ll9. 

*  Ibid.,  Pa.  2d  Geol.  Surv. ,  Reports,  Vol.  I*,  p.  56. 
» Ibid.,  Vol.  P,pp.  41^-4ia 

*  Record,  Am.  Philoe.  Soc. ,  Proc. ,  vol.  16,  p.  494. 
•Ibid.,  pp.  870-372. 

»•  Records,  Pa.  2d.  Geol.  Surv. ,  Reports,  Vol.  I<, 

pp.  280-283. 
"Ibid., Vol. I», pp.  173-174;  Vol. I», pp. 283-286. 


Yield 

per 

mmnte. 


Heiffht 
water. 


IncheM. 


10 


GaUons/     Feel 


8 


TJ-5« 


Many. 


Flows. 


Remarks. 


Numerous  oiland  gas 
weUs;  none  large 
producers,  and 
many  abandoned. 

Oil  ana  g^as  well. 

For  oil  or  gas;  unpro- 
ductive. 

For  oil  or  gas. 
Numerous  oil  and  gas 
wells. 
Do. 
Oil  well 

Do. 

For  oil;  nnsuccesBful. 

Heveral  oU  wells. 

For  oil  or  gas;  unsuc* 
cessfuL 

Numerous  oil  and  gas 
wells. 

Several  oil  and  gas 
wells;  someunpro- 
ductive. 

Oil  and  gas  wells. 

Several  oil  and  gas 
well& 

For  oil  or  gas. 

For  oil  or  gas;  unsuc- 
cessful. 

For  oil;  unsuccessful. 

Gas  well. 

For  oil  or  gas;  unpro- 
ductive. 
Gas  well. 

For  oil  or  gas;  unsuc- 
cessful. 

Water  charged  with 
soda;  temp.  65° -70"; 
also  gas  well. 

Two  borings  for  oil 
or  gas;  unproduc- 
tive. 

Numerous  oil  and 
gas  wells;  some 
good  producers. 

Several  oil  and  gas 
wells. 
Do. 

Gas  wells. 

Oil  and  gas  wells. 

For  oil  or  gas;  un- 
productive. 

For  oil;  unsuccessful. 

Gas  and  oil  well. 

Several  oil  and  gas 
wells. 

Oil  well;  abandoned. 


»« Ibid. ,  Vol.  14,  pp.  87-92. 

>»Ibid.,Vol.II,p.aJ7. 

"^)id.,Vol.I^p.l21. 

»» Ibid..  Vol.  P,  pp.  320-321. 

'•Ibid.,  p.  319. 

»Mbid.,  pp.  271-272. 

'^Record,  Pa.  2d  Geol.  Surv.,  Ann.  Rept.  for 

1H86,  part  2,  pp.  75^760. 
'•  Ibid  ,  Vol.  I»,  pp.  225-227. 
aoibid.,  Voll*  pp.  1-9. 

»>  Ibid.,  Ann.  Kept,  for  1886,  part  2,  pp.  764-767. 
»»Ibid.,pp.  760-7W. 
"Ibid.,  pp.  726-730. 

"lbid.,Vol.  IVp.  30. 

«*lbid..  Vol.  QQ.  p.89. 

"Ibid.,  Vol.  Q*,  pp.  122-125 

"  Ibid.,  Ann.  Kept,  for  1886,  part  2,  pp.  77^773. 
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DEEP   BORINGS   IN   THE   UNITED   STATES,  PART   U.  tNO.«L 


PENNSYIiVANIA— Continued. 


Location. 

County. 

Depth. 

Diame- 
ter. 

Yield 
minute. 

Height 
water. 

Bemarka 

• 

Waynesbursr  (vicin- 

Oreene 

Somerset 

Tioga 

Feet 

2,675-2,000 

1,207 

Inches. 

Oaliona. 

Feet. 

Two     oil     and    eas 

ity).» 
Wellersbnr^ 

wells;  one   unpro- 
ductive. 
Oood  water. 

Well8lx)ro - 

West  Alexander  (3 

Washingrton . 

do 

Potter 

Allegheny... 

Washington . 

Butler 

Elk 

3,200 

+2,300 

l,750-«,750 

2,243 

8,466 

912 
1,860 

636 
466 

2,165 

1,685 

+600 

+4,303 

1.300 

For  oil  or  gas;   un- 
productive. 
Gas  well. 

miles  west).* 
West  Amity  Station 

(near).* 
West  Branch  Town- 

For  oil;  onsnocess 
ful. 

For  oil  or  gas;  unpro- 
ductive. 

For  oil  or  gas;  aban- 
doned. 

8hip.« 
West    Deer    Town- 

ship.A 
West  Mlddletown  •. . 

__.... .... 

Wicks  Station  » 

Wilcox     (ik     miles 

Small  oU  welL 

north).^ 
Wilkesbarre 

Luzerne  

do 

2 

Do 

For    water:    unsnc- 

Willow  Tree» 

Qreene 

Butler 

Crawford.... 
Washington . 
Warren 

cessful. 

For  oil  or  gas ;  aban- 
doned. 

For  oil  or  gas:  ansuc- 

Winfield  Township  i  ° 
Woodcock  Township 

1 

cessful. 
For  oil :  unsuocessfuL 

Woodrow  (near) ' » . . . 
WriehteviUe  (1  mile 

Gas  well. 

1 

Abandoned    as    dry 

northeast).  1* 

hole. 

»  Record,  Pa.  2d  Geol.,  Surv.,  Reports,  Vol.  I*,  p.  812. 
sjbid.,  pp.  304-315. 
■Ibid.,  p.  807. 

*  Ibid.,  Ann.  Rept  for  188.5,  pp.  86-9L 
'Ibid.,  Vol.  I*  p.  241. 

•  Ibid!!  Ann.  ^ept.  for  1886,  part  2,  pp.  756-758. 


TIbid.,p_.  720 

1.  G«,  pp 
•  Ibid.,  Vol.  I^  p.  316 


8  Ibid 


.,  p.  T4 

.,  Vol. 


G<,  pp.  143-146. 


"  Ibid.,  Ann.  Rept.  for  1886,  part  2,  p.  716. 
"  Ibid.,  pp.  755-756. 
»a  Ibid.,  Vol.  I*,  p.  236. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  PENNSYLVANIA. 


Oil  Well  Records,  selected  from  the  collectionB  of  Mr.  J.  F.  Carll,  by  J.  P. 
Liesley,  American  Philosophical  Society,  Proceedings,  vol.  16,  pp.  346-380,  Phila- 
delphia, 1877. 

On  the  First  Systematic  Collection  and  Discussion  of  the  Venango  County  Oil 
Wells  of  Western  Pennsylvania,  by  E.  S.  Nettleton,  prepared  for  publication  by 
J.  F.  Carll,  American  Philosophical  Society  Proceedings,  Nos.  97-9y,  for  1876-1877, 
vol.  16,  pp.  429-495,  Philadelphia,  1877. 

Pennsylvania  Second  Geological  Survey,  Report  of  Progress,  1876-1877,  Oil 
Well  Records  and  Levels,  by  J.  F.  Carll,  Vol.  II,  398  pages,  Harrisborg,  1877. 

Pennsylvania  Second  Geological  Survey,  Report  for  1875-1879,  The  G^eology  of 
the  Oil  Regions  of  Warren,  Venango,  Clarion,  and  Butler  Counties,  by  J.  F. 
Carll,  Vol.  Ill,  4.S2  pages,  Harrisburg,  1880. 

Pennsylvania  Second  C^eological  Survey,  Report  of  Progress,  1879,  The  Otol- 
ogy of  Erie  and  Crawford  Counties,  by  I.  C.  White,  Vol.  QQQQt  406  pages,  Har 
risburg,  1881. 

Pennsylvania  Second  Geological  Survey,  Report  for  1880-1888,  Geological 
Report  on  Warren  County  and  Neighboring  Oil  Regions,  by  J.  F.  Carll,  Vol.  P, 
439  pages,  Harrisburg,  1888. 
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PennsylTama  Second  Geological  Surrey,  Animal  Report,  1886.  part  2,  Report 
on  the  Oil  and  Ghia  Regions,  by  J.  F.  Garll,  pp.  575-918,  Harrisbnrg,  1887. 

Pennsylvania  Second  Geological  Survey,  Seventh  Report  on  the  Oil  and  Gas 
Fields  of  Western  Pennsylvania  for  1887-1888,  by  J.  F.  Garll,  Vol.  l\  356  pages. 
Harrisbnrg,  1890. 

RHODE  ISIiAKD. 


Locatioii. 


ProTidenoe. 
Do 

SaylesYllle . 


County. 


^  .K      IMi^me-    Yield      Heteht 
Depth.        tftjT         per  of 

nunute.    water. 


ProTidenoe 

.....do 

do 


FeeU 


85    No  flow. 

110    No  flow. 

No  flow. 


Remarks. 


Abandoned. 


SOUTH  CAROUXA. 


Abbeville 

Abbeville .... 

Aiken 

Barnwell 

Beanfort 

Kershaw 

Charleston... 
do 

Aiken >  

Bamberg* 

Beaufort ' 

Pam^l^n 

Oharli^mi  * 

Do.* 

Do 

do 

Do 

do 

Do 

do 

Do 

do 

Charle8ton(vicinity)« 
Chester 

do 

Chester 

do 

Do 

Florence^ 

Florence . .... 
do 

Do 

Georgetown 

Georgetown . 

Colleton 

Abbeville.... 

Hantpton  — 

....  do 

Oreen  Pond 

Qreenwood 

Hampton 

Do  

JackaonbcTo 

Colleton 

Johns  Island ._ 

Marion 

Mays  River  Neck.... 

Orangeburg® 

Peeplea.. 

Marion 

Orangeburg . 
Hampton  — 

Laarens 

Hampton 

Colleton 

HalUrans  Island 

VamvUle. 

Walterboro 

558 

470^%5 

800 

8 

80 

50 

35-40 

-3 

—170 
+12-30 

618-«S5 
1.970 
l,a» 

1,950 

4 

5 

30 

167 
104 
451 
095 

-a) 

+4 
+2> 

1,970 
2.060 

1,915 

425-475 

700 

500 

8 
10-8 

3' 

8 

1,8% 
420 

100 

Many. 
Not  any 

40 

—20 

400? 

503 

400 
800 

.......... 

Flows. 

-4 
Flows. 

—9 
Flows. 
Flows. 
Flowa 

-1 

-52 

Flows. 

-12 

-30 

583 

420 

500 

1,244 

800 

6 
3 
6 

8-« 

Many. 

4 
11 

l.lflO 
850 

1,308 
983 
490 

6-2J 

6 

12-3 

6 

6 

10 
Many. 
Many. 

In  granite. 
Several  wells. 

Two  wells. 
Temp.  99.5*. 
I  Saline  water;  temp. 
87"* 
TemiD.99*'. 
Do. 
Do. 
Do. 
Several  wells. 
In    granite;    unsuc- 
cessful. 
Um>uceeRsfuI. 
Lowest  water  at  1,215 

to  1,220. 
Fme  water. 


Temp.  70*. 


Soft,  irony  water. 
Temp.  720. 
Temp.70«. 

Very  sulphurous  wa- 
ter. 
Pumped  at  300  feet. 
Temp.7«*'. 
Temp.  87°. 

Soft  water. 


1  Record,  IT.  S.  Qeol.  Snrv. .  Bull.  No.  138,  p.  200. 
*Ibid.,p.221. 

a  Analysuk  Ibid. ,  p.  217.  _ 

*  Record,  Mnnidpal  Report  of  City  of  Charleston,  1881,  Artesian  Wells,  Report  of  Scientific 
Committee,  pp.  8-4,  plate. 
» Analya&B,  U.  8.  GJeol.  Surv.,  Bull.  No.  138,  p.  212. 
•Ibid.,  pp.  214-216. 

7  Recoi^and  Analysis,  Ibid. ,  pp.  218-219. 
"  Record,  Ibid.,  p.  2ai. 

PUBLICATIONS  RELATING   TO  DEEP  BORINGS   IN   SOUTH 

CAROLINA. 


Municipal  Report  of  the  City  of  Charleston,  S.  C,  1881;  Artesian  wells,  report 
of  Scientific  Committee,  etc.,  61  pages,  plates,  Charleston,  1882. 

Artesian  Well  prospects  in  the  Atlantic  Costal  Plain  region,  by  N.  H.  Barton, 
U.  S.  Geological  Snrvey,  Bulletin  No.  138,  232  pages,  plates,  Washington,  1896. 
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DEEP  BORINGS   IN   THE   UNITED  STATES,  PART   II.  [no.  a. 


SOUTH  DAKOTA. 


[Arranged  by  oonnties.] 


Location. 


Plankinton    Town- 
ship. 
Plankinton 


Do 

White  Lake 


Crystal  Lake  Town- 

8oip,fiec.  17. 
T.105,B.63,seo.  — ... 
T.  106,  B- 06,  sec.  24..  . 
T.104,R.83,8ec.2S>.. 
T.10i,B.66,8ec.2.... 
T.  104,  R.  03,  sec.  21... 

Do 

T.  104,  R.  63,  seel.... 
T.  104,  R.  66,  sec.  3.... 
T.  103,  R.  63,  sec.  261.. 

Do 

T.  103,  R.  63,  sec.  35... 
T.  103,  R.  63,  sec.  32... 
T.  103,  R.  66,  sec.  34... 


T.  103,  R.  63,  sec.  — 
T.  103,  R.  63,  sec.  28 


T.103,R.68,sec.— ., 
T.  103,  R.  63,  sec.  13. 
T.  102,  B.  66,  sec.  17. 
T.  102.  B.  63,  sec.  10 » 

Hitchcock* 

Huron' , 


Do 


Do 

Haron  (1  milesw.). 
Qliron* 


Wolseya. 


T.  113,  B.  64,  sec.  15.. 
T.  113,  B.  64,  sec.  29.. 
T.112,B.61,sec.30>. 


T.  Ill,  B.  61,  sec.  19.... 
T.  Ill,  B.  61.  sec.  31.... 
T.  110,  B.  62,  sec.  11.... 
T.  110,  B.  60,  sec.  29.... 
T.  100.  B.  62,  sec.  30.... 
Scotland 

Do*  

Springfield* 

Do 

Tyndall* 

Do 

Choteau  Creek 

Do 

T.  96,  B.  59,  sec.  15»  .. 

Do.» 

Do.* 

T.  94,  B.  61,  see.  22«  .. 
T.  94,  B.  60,  sec.  9.  ... 
T.  94,  B.  68,  sec.  32  ... 

T.  93,  B.  69,  sec.  1 

T.  93,  B.  58,sec.  5«  ... 
T.  ftj,  B.  50,  sec.  34.... 
T.  60,  B.  93,  sec.  6'  ... 
T.  94,  B.  58,  sec.  19... 
Aberdeen^ 


County. 


Aurora 
do.. 


.do 
.do 

.do 

-do 

.do 

.do 

.do 

do 

.do 

do 

.do 

do 

.do 

do 

do 

.do 

do 
do 


.....do. 

do. 

do. 

do. 

Beadle 
do. 


.do 

do 
.do 
.do 

do 


....do 
.....do 
do 


do 

do 

do 

do 

do 

Bonbomme 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

....  do 

do 

do 

do 

do 

do 

Brown 


Depth. 


t^t. 


776 

830 

746 

863 

860 

476 
963 
625 

844 
628 
625 
470 
922 
400 
630 
484 
623 
842 

705 
716 

530 
420 
835 
613 
953 
906 

847 

1,010 

1,080 

960 

930 

1,066 

1,118 

917 

836 
792 
1,060 
930 
813 
590 
587 
502 


736 
752 
862? 
807 
700 
590 
645 
1,0741 
768 
640 
646 
660 
730 
825 
576 
955 


Diame> 
tor. 


Yield 

per 

mmnte. 


Inches. 
44 

44-^ 

4 
4 

44 

2 

2 

4-3 

2 

44 

44 

2 

2 

4 

2 

4-3 

3-2 

6 

3 


2 
2 
4 
2 
4-3 
6 

&4 

8 

64 

10-6» 

8^ 

4 
4 

6-4 

8 
3 

? 

8 
6 


8 
4 
4i 

8 


2 
7 
3 
3-2* 
2 
2 
1 
3 
2 


3 

8-3 


Oallona. 
200 

226 

60 
150 

600 

6 

115 

168 

160 

160 

160 

4 

75 

10 

10 


15 


200 


30 

:» 

400 

3 

1,280 

1,600 

600 

350 
1,600 
2,260 

330 

600 
1.435 


360 
200 
1,600 
930 
260 


0 
8,202 


1,000 


1,400 
1,600 


.0^ 

76 

30 

06 

07 


11 
Many. 


Height 
water. 


+127 
+200 


+80 
+127 


+108 


+345 
+276 

+276 


+380 


Plows. 

+408 

Plows. 

+888 
+202 
Plows. 
+230 
+288 


+-108 
"+60" 


+143 
+188 


t 


126 
149 
+6 


+143 
+104 

+82 


+230 


Bemarks. 


Flows  at  640  and  740 
feet  also. 

Flows  at  700  and  850 
feet. 


A  flow  also  at  710  feet. 


A  flow  also  at  620  feet. 
Plows  at  660  and  842 
feet 

Flows  at  600  and  675 
feet 


Flows  at  712  and  773 

feet  also. 
Flows  at  776  and  >9iS 

feet. 
A  flow  at  756  feet  also. 
A  flow  at  000  feet  also. 
Temp.  70*.     Sevei^ 

flows  240  to  900  feet 
Flows  at  490.  808.  868. 

and  803  feet  also. 


Flows  at  770  and  800 
feet  also. 


Plow  at  000  feet  cdwx 


Flows  at  925  and  940 

feet 


» Becord,  U.  S.  Geol.  Snrv.,  18th  Ann.  Bpt.part  4, PI. XL. 
«  U.  8,  Gteol.  Surv.,  17th  Ann.  Bept.part  2, pp. 22-23. 
•Ibid..  PI.  76. 

•  Becord.  U.  8.  Geol.  Surv..  17th  Ann.  Bept,  part  2,  p.  68. 

•  At  Hutterlsches  Colony,  Becord,  U.  S.  Geol.  Surv.,  18th  Ann.  Bept,  part  4,  p.  687 

•  Becord,  U.  S.  Geol.  Surv.,  17th  Ann.  Bept.,  part  2,  p.  60. 
'  Becord,  U.  S.  Geol.  Surv.,  18th  Ann.  Bept,  part  4,  p.  686. 
«  Becord,  U.  S.  Geol.  Surv.,  17th  Ann.  Rept,  part  2,  pi.  72. 
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SOUTH  DAKOTA-Continned. 


Location. 


County. 


Aberdeen' 
Do.»  ... 


Do.» 
Do.» 

Do.> 


Aberdeen.  T.  123,  B. 

63,  sec.  It. 
Aberdeen,  T.  123,  R 

03.  sec.  18. 
Colombia* 


Brown 
do. 


Frederick! 


T. 
T. 
T. 
T. 


Groton  * 

Do 

iLT.R.eS^sec.l^^. 
127.  B.  63,  sec.  21  >. 
126,  B.  00,  sec.  32.. 
126,  B.  61,  sec.  31*. 
T.125,R.«1.8ec.3«.. 
T.  124,  B.  60,  sec.  31  < 
T.123.B.eO,8ec.8«.. 

Chamberlain* 

Do.» 

Do 

Do 


Do 

Do 

Kimball* 

T.lQ5,B.68,aec.2»« 


T.105, 
T.  IIH, 
1«3, 
US, 
103. 
1U2. 

T.ioe, 
T.ioe, 
T.  i(e, 
loe, 
ice, 

108. 

ire. 


T 
T 
T 
T 


T 
T 
T 
T 


T.lOl, 


B.68, 
B.70, 
B.71, 
B.68, 
B.68, 
R.70, 
B.67, 
B.68, 
B.7D, 
B.70, 
B.70, 
B.71, 
B.71, 
B.68, 


nee.  3 . 
sec.  33 
aec.l2 
sec.  1 . 
sec.  27 
sec.  21 
sec.  18 
sec.  16 
sec.  9. 
sec.  15 
sec.  2. 
sec.  2. 
sec.  2. 
sec.  12 


do 
do 

do 

-do 

.do 

-do 

.do 


do 

do 

....  do 

do 

do 

....  do 

do 

do 

do 

Bnile 

do 

do 

do 


.do 
do 
.do 
.do 

.do 
do 
do 
do 
do 
do 
.do 
do 
do 
do 
do 
do 
do 
.do 


T.101,B.68,aec.21 --.. do  . 

Crow  Creek  Agency*.,  Buffalo. 

BeUe  Pourche '  Butte  .. 


Depth. 


Chandler I  Charles  Mix 


Greenwood*  . 
Lake  Andes  ^. 


Do.*  

T.100,B.e9,8ec.9.... 
T.  100,  B- 71,  sec.  29... 
T.  iOO,B.71,8ec.l8-.. 
T.  100,B.6H,8ec.l3... 
T.  100,  B.68,  sec.  9.... 
T- 99,  R.  69,  sec.  19.... 

T.  100,  B.71,  sec.  28... 


T.  99,  B.  67,  sec.  18.. 
T.  99,  B.67,  sec.  21  • 
T.  96,  B.68.  sec.  13.. 
T.  96,  B.  64,  sec.  20.. 


do 
.do 


.do 
.do 
.do 
-do 
.do 
.do 
.do 

.do 


do 

do 

.do 

.do 


Feet. 
1,060 
918 

1,004 
1,066 

1,300 

1,117 

1,015 

964 

1,139 

960 
922 
856 
800 
1,090 
965 

n6 

942 
977 
600 
685 
1,026 
815 

563 

(KX) 

1,068 

935 

987 
900 
1,090 
1,065 
980 
1,185 
1,050 


» Record,  U.S.Geol. 
«  Record.  U.S.Geol. 
»rbid.,pp.4»-W. 
«  Record,  U.  S.  Geol. 
•Record,  U.S.Geol. 
•Record,  U.S.  Geol. 


1,165 
1,100 
1,027 
1,227 
1,230 
937 

962 

780 

525 

900 
661 

7551 

802 
980 
785 
868 
720 
830 
966 

688 

709 

907 

1,006 

772 

Burv.,17th 
Surv.,17th 

Surv.,18th 
Surv..l8th 
Surv.,l7th 


Yield 
*«'^-     mffute. 


Diame- 


Inches.  Gallona. 


6^ 
3A 

6-4 

8-2    , 

8-i* 
4^ 
4+ 
4* 

6-4 

5A-3i 
6-3 


1,060 
330 

825 
Many. 

1,060 

Many. 

300 

940 

139 


830 


1 

6 

1 

4-2 
8" 

150 
105 

10-8 
6 

2 

4,350 

3,000 

300 

2 

J* 

6 

2 

185 
815 

6 
6 
6 

8 

700' 

750 

6 
6 
6 

800 
1,000 

6 

Many. 
800 
Many. 

8 
8 
6 

8-4 
6 

8 

2 

6 

8-6 

8-6 
3 
8 
8 

2-1 

2-U 
2-li 

8 

2-1 
8-44 
6-4 
2 


600 

900 

1,098 

Many. 


3,000 

1,500 

1,500 

125 

500 

2,362 

Several. 

7 

60 

1,700 

7 
40 


200 


Heieht 
water. 


Remarks. 


Feet. 
-H317 
+92 

+143 
Plows. 

+190 

Plows. 

+288 
+368 


I 


Plows  at  879  and  905 
feet. 

Plows  at  910. 921,  and 
1,020  feet  also. 

Plows  at  9S90.  995,  and 
1,077  feet. 

Plows  at  925  and  1.090 
feet 

Plows  also  at  928  feet. 


Pive  flows   721-927 

+161  I  Plows' at  985  and  1,045 
feet  also. 


+310 

Plows. 

Flows. 
+80 

Plows. 

Flows. 
+315 
+184 
+219 
+253 

Plows. 

Plows. 

Flows. 

Plows. 

+46 

+173 

Plows. 
Plowfl. 
Plows. 
+46 
Plows. 
Plows. 
Plows. 
Plows. 
Plows. 
Plows. 
Plows. 
Flows. 
Plows. 
Plows. 

Plows. 
+414 

+70 


+274 
+161 

+161 
Plows. 
Plows. 
Plows. 
Flows. 
Flows. 

+115 

Flows. 

Plows. 

Flows. 

No  flow. 

+120 


Flows  at  716,  750,  and 
780  feet  also. 


Flows  at  760,  825,  and 
875  feet  alsa 


Plows  at  753,  786,  and 
851  feet  also. 

Tomp.  72°;    flows  at 

409  feet  also. 
Two  wells;  another 

flows  at  410  feet. 
Uncompleted. 
Temp.    70*:    several 

flows  420-641  feet. 
Temp.  70";  flows  at 

623  and  7^5  feet  also. 
Temp.  70". 
Chalk  at  210  feet. 


Plows  at  779,803,838, 
and  860  feet  also. 

Plows  at  500  and  614 
feet  also. 

Water  at  515  feet. 


Ann.  Rept.,  part  2,  pp.  16-18,  pi.  72. 
Ann.  Rept. ,  part  2,  pp.  15-17. 

Ann.  Rept. ,  part  4.  p.  673.  * 
Ann.  Rept. ,  part  4,  p.  670. 
Ann.  Rept,,  part  2,  pp.  44-46. 
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Location. 


Clark 


T.117,R.59,Bec.22». 
T. 95, R. 68, sec. 9  ... 
T.{H,R.62.Bec.ll.. 
T.94,R.62,8ec.I&.. 
T.  04,  R.  53, 660.83  . 
T.  03,  R.  51.  sec.  29.. 
T.  98,  R.  51,  sec.  31.. 
T.  02,  R.  51,  sec.  33.. 

Vermilion 

Buffalo  Gap 


Mitchell*. 
Do,... 


County. 


Clark 


do.. 

Clay... 
.....do. 
....  do. 

do.. 

..  ..do. 

do.. 

do. 

.  ..  do.. 
Custer . 


Davison. 
do... 


Mitchell  (12  miles     ....do 
southwest).* 

Mitchell   (6    miles   do 

northeast).* 

Mitchell do 

Mount  Vernon do 

Mount   Vernon    (H    do 

miles  southeast). 

T.  104,  R.  60,  sec.  17* do. 

T.104,R.e2,sec.0» do 

T.  104,  R.  80,  sec.  17 « do 

T.  103,  R.  62,  sec.  4 do 

T.ia3,R.62,8ec.3» do. 

T.  104,  R.  61,  sec.— do. 

T.  104.  R.  61,  sec.  12 do. 

T.  104,  R.  62,  sec.  18 do 

T.  104,  R.  62,  sec.  21 do 

T.  104,  R.  62,  sec.  12 do 

T.  104,  R.  62,  sec.  3 do 

T.  104,  R.  02,  sec.  7 do 

T.104,R.62,sec.a5 do. 

T.104,R.60,8ec.a'>   do 

T.  104,  R.  62,  sec.  6 do. 

T.  104,  R.  61,  sec.  29 do. 

T.  104,  R  61,  sec.  8 ' do. 

do 

do. 

do 

do 

do 

do 

do 

do 


T.  104,  B.  61,  sec.  18 
T.ia4,R.61,sec.3:j 
T.  104,  B.  61,  sec.  20 
T.  103,  R.  61,  sec.  19 - 
T.103,R.62,sec.2-. 
T.  103.  R.  62.  sec.  14. 
T.  103,  R.  62,  sec.  10. 
T.  103,  R.  02,  sec.  11  . 

T.  103,  B.  62,  sec.  15... do 

T.  1(0,  R.  61,  sec.  19-       do 

T.10e.B.62,8oc.9....      ....do 

T.  102,  H. 62, sec. 31  ...     do 

T.  102,  R.  62,  sec.  29 do 

T.  102,  R.  62,  sec.  6 do 

T.  101,  R.  61,  sec.  25 do 

T.  101,  R.  61.  sec.  28 do 

T.  101,  R.  61,  sec.  21 do 

T.  101,  R.  61,  sec.  2... do 

T.  101,  R.  60,  sec.  32 do 

T.  101. R. 60, sec. 9 '  ...  do 


T.  101,  R.  60,  sec.  29 
S.  8.  Slade's  well . 

Andover* 

Webster 


do., 
do.. 


Day 


do 


Clioyenne  Agency  * . 
Armour 

Do.« 

Dolmont« 

Flensburg* 

Do 

Do 

T.100,B.64,8ec.28«.. 


Dowoy . . 
Douglas. 

;."!!  do!]! 

do... 

do... 

....  do... 
do  .. 


Depth. 


Feet. 
1,800 

1,200 
500 
402 
400 
600 
400 
410 
400 
507 
800 

548 
586 

433 

4?2 

550 
442 
515 

400 
550 
456 
495 
646 
415 
410 
408 
424 
416 
601 
444 
479 
507 
458 
419 
577 
653 
425 
420 
411 
420 
450 
495 
408 
406 
410 
460 
642 
485 
460 
520 
530 
535 
425 
435 
477 
413 
440 
1,075 
1,400 

1,337 

800 

7:^7 

821 
611 
651 
775 
937 


Diame-'   Yield 
♦*«r       per 
^'^-     minute. 


Inches. 


6 

3-2 

2 


GcUlons. 


3 
5 


li 

Many. 

2 

Few. 

li 

8 

1 

1 

3-2 

Pew. 

3 

Few. 

8 
2 

2 
2 

44-3* 


:^-l 

3 
4 
44 


2 

2 

3 
»> 

4-3 

2 

5-4 

4H3 

1 

2 

2 

2-1 

3 
•> 

M 

2 
2 
2 
3 
2 
2 
2 
2 


I' 
2 
2 
2 
2 
6-44 


4 

8 

6 

2 

2 

2 
o 

6 


600 

20 

40 

60 

8 

50 

100 

130 
10 
30 

700 
90 
40 
20 

156? 
5 

130 

15 

Many. 

8 

50 
50 
90 

210 
22 

120 
60 
60 
35 
45 
60 

110 
90 
20 
30 
25 
27 
15 

a5 

30 
25 


Heiffht 
water. 


Feet 


Flows. 
Flows. 
Flows. 
Flows. 
Plows. 
Flows. 
Plowa 
Flows. 


85 

10 

300 


500 

1,600 

1,600 

60 

60 


65-70 
900 


+16 

+e4 

Flows. 

Flows. 

+30 
Plows. 
Flows. 

Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Plowa 
Blows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Plows. 
Flows. 
Plowa 
Flows. 
Plows. 
Plows. 
Plows. 
Flows. 
Flows. 
Plowa 
Plowa 
Plowa 
Plows. 
Plows. 
Flows. 
Plows. 
Plows. 
Plows. 
Plows. 
Plows. 
Plows. 
Plows. 
Flows. 
Flows. 
Plows. 
Flows. 
Flows. 
+  207 


+  472 
Plows. 

+  li96 
Flows. 
Plows. 
Plows. 
Flows. 
+  72 


Remarka 


Two    wells;    nnsno- 
cessfnl. 


Two     borings;     no 
water. 

Plows  at  285,  445,  and 
saOfeet. 


Small    flow   onlv  at 

1,100  feet. 
Temperature  80". 


» Becord,  U.  S. 
»Becord»  U.  S. 
•Record,  U.  8. 
*  Record,  U.  S. 
»  Record,  U.  a 
•Record,  U.S. 


Rept.,  1807,  part  4,  pp.  18. 21. 


Geol.  Surv.,  18th  Ann.  itepi;.,  I0vv,i)art«jpp. 
Geol.  Surv.,  17th  Ann.  Rept.,  part  2,  pp.  80-40, 44. 
Oeol.  Surv.,  18th  Ann.  Rept.,  part  4,  p.  575. 
Qeol.  Surv.,  17th  Ann.  Rept.,  part  2, p.  10. 
Geol.  Surv.,  18th  Ann.  Rept..,  part  4,  p.  588. 
Geol.  Surv.,  17th  Ann.  Rept.,  part  2,  pp.  4e-6a 
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SOUTH  DAKOTA— Continued. 


Loc&tion. 


County. 


T.  100.  R.  64,  sec  as 
T.iaO,H.eS,Bec.l8 
T.100.R.6»,aec.l5 
T.100,R.62,aec.l6 
T.98.B.«5,8ec.2». 
T.  99,  R.  63.  sec.  35. 
T.99.R.65,8ec.U. 
T.99.B.65,8ec.— . 
T.  98,  R.  65,  sec  2.- 

Ipswich 

Ardmore 

Argentine* 

Edgemont^ 


Edgemont  ( near ) 

Minnekahta^.  

Faulk  ton 

Orient  ( 4  miles  NE.)» 
T.113,B.l»,8ec.   -  .... 


DonKlaa . . . 

.,".do'."" 

do 

do 

do 

do 

do 

do 

E^mnnds . 
Fall  River 

do 

do 


do. 

do. 

Faulk  .. 

do. 

Hand  . 


T.  113,  R.67,  sec.  Si do 


T  112,R.68,8e<-.7 
St.  Lawrence  . 


Miller* 

T.  112,  R.  88,  sec.  10.... 
T.  112,  R.  67,  sec.  33... 
T.  112,  R.  67.  sec.  18.... 
T.  104,  R.  57,  sec.  8'.... 
T.  104,  R.  58,  sec.  14  V 


.do 
do 


do.. 

do.. 

do.. 

do.. 

Hanson 
do.. 


T.UH.R.58,8ec.W7 do 

T.  104,  R.  67,  sec.  22 do 

T.  104,  R.  58,  sec  9 do 

T.  KM,  R.  58,  sec  17 do 

T.]W,R.57,sec.8 j do 

T  104.R.58,sec.l2«.  .' do 

T.  104,  R.  57,  sec.  27 do 

T.  104.  R.  57.  sec  7 do 

East  fterre* ,  Hughes 

Harrold» ' do 

Pierre do  

Menno l  Hutchinson. 

Northwest  comer  of  \ do 

county.  *° 

Parkson*** 

Parkson   (1  mile 

southwest).^* 
Tripp(4  miles  north  )><> 

Tripp ! do 

T. 97, R. 67, sec. 21 L...  do 

T.  98,  R.  61,  sec— ' do. 

T.W,R.00,sec.21 do 

T. 99. R. 60, sec. 7 |  ...do. 

T.lOO.R.ei I do. 

T.lOO.R.eO do. 

T.100,R.61,8ec.2.->»> do. 


T.99,R.61 

T.99,R.«0»» 

T.«9,R.60" 

T.sw.R.eo... 

T.98,R.«0" 


T.9«,R,oO ' do 


.do 
do 
do 
do 
do 


T.99,R.59.... 
T.98,R.G0. 
T.«S,R.61. 
T.97,R.60. 


T.97,R.6l. 
T.97,R..W. 


Depth. 


Diame- 
ter. 


Feet. 
975 

1,065 
750 
000 
860 
703i 
925 

1,010 
901 

1,265 

1,500 
550 

1,125 

960 
1,;348 
1,032 
1,215 
1,200 

1,137 
1,2U0 
1,272 

1,139 

1,140 

1.375 

1,343 

589 

528 

550 

543 

535 

440 

600 

483 

508 

510 

1,192 

1,45:3 

1,160 

417 

560 

542 
515 

580-,'>40 

815 

747 

482 

55Si 

527 

419-585 

420-4(J2 

45.S 

490-572 

485 

485 

400-540 

559 

400-450 

490 

475  580 

500  7IJH 

550-614 


945  ' 
517^550  ' 


4 


Yield 

per 

minute. 


4 
2 

6 

a^ 

4 

6 
8-6 
44-3i 


Oallona. 

1,000 

1,025 

600-700 

Many. 

WIO 

2.100 

600-700 

1.000 

650 

Many. 


Several. 

"ft^i 

Several. 
None. 

100 
950 

6-3 

4 

480 

50 

Few. 

6i-4i' 

?* 

3  I 

3 
2-U 

2 
2 
2 
1 

IJ 

4 

2 

a-2 


6 


3 


2 
6 
2 


2 

3-ii 

2 

2 

2-H 
*> 

h 

5-li 
•> 

mm 

2-li 
•> 

5-2 

3-11 

4J-U 


2-li 


360 

'1,666' 

350 

50 

30 

150 

50 

5 

Few. 

20 

a5 

4 

16 
900 

84 
600 


10 

30 
50 

9 

700 

6 

60 

50 

150 

90-1 

10^3 


50-8 
25 
90 

25-1 
50 

15-1 


laaio 

40-13 
50-40 


30 


Height 
water. 


Feet. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 

+1?2 
Flows. 
Flows. 
Flows. 

+244 


Flows. 

—  60 

—  30 


Flows. 
Flows. 
Flows. 

Flows. 

Flows. 

+  92 

+276 
Flows. 

+273 

+287 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
+46 
Flows. 
Flows. 

+380 

+62 

Flows. 


+46 
Flows. 

Flow. 
+21 
Flows. 
Flows. 
Flows. 
Flows. 

Flow. 

Flow. 
Flows. 

Flow. 
Flows. 
Flows. 

Flow. 
Flows. 
Flows. 
Flows. 

Flow. 

Flow. 

Flow. 


Flows. 
Flow.  I 


Remarks. 


Unsuc<*es.sful. 

Plugged  at  'i\Ki  feet; 

water  from  509  feet. 

Water  from  578  feet. 


Flows   at   1,067 
1,127  feet  also. 


and 


First 

feet. 


flow    at   1,070 


Temp.  95". 
Temp.  98*>. 
BmaU  flow. 


Three  wells. 


Fourteen  wells. 
Three  wells. 

Fourteen  wells. 


Twelvo  wells. 
Six  wells. 

Fifteen  wells. 

Nine  wells. 

Three  wells,  not  in- 
cluding town  well 
at  Tripp. 

Two  wells. 


» Record,  U.  S.  Geol.  Surv.,  17th  Ann.  Rept,  part  2,  pp.  40-50. 
•Analysis,  U.  S.  Qeol.  Surv.,  Slst  Ann.  Rept.,  1899-1900,  part  4,  p.  570. 
»Ibid.,  pp.  568,571. 

•  Ibid.,  p.  673. 

•Recrird,  U.  S.  Geol.  Surv.,  17th  Ann.  Rept.,  part  2,  p.  22. 
•Ibid.,  p.  28. 
'Ibid.,  nl.  84. 

•  Record,  U.  8.  Geol.  Surv.,  18th  Ann.  Rept.,  part  4,  p.  579. 

•  Record, U.  8. Geol.  Surv.,  17th  Ann.  Rept.,  part  2, pi.  76. 
"IWd.,  pp.  47-48. 

"  Record,  U. 8.  Geol.  Surv,,  18th  Ann.  Ropt.,  1897, part  4, pp. 580-685. 
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Location. 


T.97,R.67,sec 

T.97,R.57 

T.97,B.66 

Hiffhmore^ 

T.  106,  R.  64,  sec.  11. 
T.ia8,R.65,8ec.63. 
T.  106,  R.  63,  sec.  2.. 
T  106,  R.  63,  sec.  8.. 
T.  106,  R.  64,  sec.  9". 
T.  106,  R.  64,  sec.  17. 
T.  106,  R.  64,  sec.  15 

Desmet 

Arlingrton 

Iroqnol8> 

T.  100,  R.  58,  BOO.  90. 

Britton* 

Langford 

Newark 


County. 


Boeebad  Agency  (26 
milee  northeast). 

Gtottysbnrip 

Artesian  (1  mllo 
southwest).' 

Letcher* 


T.  105,  R.  61,  sec.  23  • 
T.  105,  R.  61.  sec.  16  « 
T.107,R.62.  sec.29.. 
T.105.R.Q2.  sec.2B.. 
T.  105,  R. 60,  sec.  10.. 
T.105,R.eO,sec.  20 
T.106,R.62,8ec.  19.. 
T.  105,  R.  62,  sec.  17.. 
T.105,R.62,8ec. ;»  . 
T.105,R.60,8ec.  14.. 
T.106,R.61,soc.  15.. 
T.105,R.60,sec.  27.. 
Woonsockot  • , 

Do 

Ashton 

Do.T  . 


Condo  

Doland' ... 

Do 

Frankfort' 


Hutchinson. 

....  do 

do 

Hyde 

Jerauld 

do 

do 

do 

do 

do 

do 

Kinesbury.. 

iiildo!'"!!! 
..  .-do 

Marshall 

do 

do 


Meyer 


Potter.  . 
Sanborn 

do... 


do 

do 

-...do 

do. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Spink 
do 


do 

do 

do 

.do 


Mellette do 

Do.' do 

Northvillo ■ do 


Redfleld' do... 

Do ....  do... 

Turton do... 

T.  119, R. 68, sec.  22' do  .. 

T.  119,  R.  68,  sec.  19'  ..! do... 

T.119,R.64,  sec.  2;}'    J do... 

T.  1 19, R. 63, sec.  32' do... 

T.117,R.64,8ec.  -  '..' do... 

T.117,R.62,  sec.  32.... do... 

T.  116,  R.  62,  sec.  4 ' do... 

T.115,R.61,soc.  7 do... 

T.  114.  R.  63,  sec.  26' do.. 

T.114,R.e2,  sec.  18' do... 

T.114,R.63,  sec.  a»' do... 

T.  114, R. 62,  sec.  30 do... 

FortRandall« Todd... 

Tankton   (Excelsior     Yankton 

Mill). 
"Sankton   (Fountain    .     .  do... 

MiU).» 

Tankton  (Asylum)' do... 

Yankton  (city  well)' do... 


Depth. 


Feet. 
500-406 
747-485 
445 

1,552 
799 

1,057 
715 
760 
880 
810 
816 

1,610 
800 

1,115 
600 

1,004 

1,050 
940 

2,500 

2,140 
-b63n 


Diame 
ter. 


Inchet. 

2-U 

2-li 
2 
6 

2-li 
2* 
2 

8-2 
2i 
2i 
8 


960 

897 

957 

1,008 

1,065 
920 
980 

964 

1,(05 
920 
95H 

im 

903 
920 

987 

950 

895 

1,(B0 

im 

1,000 

1, 150 

900 

610 

493 

6a> . 

672 

942  I 


4* 

2 

8-8i 
6 
8-6 

8-6 


Yield   1  Heicrht 
per     I       of 
minute,    water. 


Oallcns. 
2 
4-8 


9 
2 

200 
200 
280 
280 
5 
10 


1,000 


600 

400-500 

600 


3-2 


6 


90 

125 

70 

425 

8 

30 

165 

4 

6 

J5 

100 

80 

30 

1.150 

Many. 

2,000 

100 

Many. 
370 
600 

Many. 

1,200 
1,320 
1,900 

1,260 

1,900 

1,300 

60 

670 

1,300 

2,894 

Many. 

tm 

75 

1,21N) 

150 

550 

1.000 

600 

3,000 


Feet 

Flow. 

Flow. 

Flows. 

+  85 

Flows. 

-f-2(W 

--804 

--263 


Flows. 
Flows. 


No  flow. 
+154 
Flows. 
+865 
+138 
+288 

-600 

-100 

+  81 

+207 

Flows. 

Flows. 
+299 

Flows. 

Flows. 

Flows. 

Flows. 

Flows. 

Flows. 

Flows. 

Flows. 

Flows. 
+299 
+28» 
+345 
+  138 

Flows. 

+281 

+258 

Flows. 

Flows. 
+380 
+359 

+407 

Flows. 

Flows. 
+324 
+352 
+811 

Flows. 

Flows. 

Flows. 

Flows. 
+200 

Flows. 
+288 
+115 
+i«5 

Flows. 
+120 


1,500  ,        +110 


165 


+28 

+41 


Remarks. 


Two  wells. 
Do. 

Temp.  72*. 


Temp.  64°. 

Water  at  420, 480,  and 
900  feet 


Water  at  800, 400,  and 
570  feet. 


Flows  at  660,705.  and 
900  feet. 


Flows  at  808,864,915 
and  1,000  feet. 


Flows  at  875  and  m 
feet. 


» Record,  U.  S.  Geol.  Survey,  17th  Annual  Report,  part  2,  p.84. 
«Ibid.,  pp.  2»^». 
a  Ibid.,  pp.  22-23. 
*lbld.,p.  181. 

*  Record,  U.  S.  Qeol.  Rurv.,  18th  Annual  Report,  1897,  part  4,  p.  575. 

*  Records,  U.  8.  Geol.  Bury.,  17th  Annual  Report,  1896,  part  2,  pp. 81-88. 
'  Ibid. ,  pp.  19-20. 

"Ibid.,  p.  58. 

*  Record,  U.  a  Qeol.  Burv.,  17th  Annual  Report,  1806,  iwtrt  2,  pp.  53.68. 
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SOUTH  DAKOTA— Continued. 


Location. 


County. 


Tankton    (College    do... 

Hfll). 
Yankton    (Wilcox     Yankton 

weU). 
Yankton  (Donaldson  , do . . . 

well). 

T,93,B.56,80C.12 do... 

T. 98, R. 56, sec.  17 i do  ... 

T.98,B.o6,aec.l6>  ..J do  .. 

T.  93.  B.  55.  see.  8 do... 

T.  98,  R.  54,  pec.  18 »....' do... 

T,  94,  R.  55,  sec.  19 » do... 

T.  98,  B.  54,  sec.  11. do... 

T.  94,  B.  55.  sec.  18 do... 

T.  94,  B.  55,  sec.  22 do... 

T.  94,  R.  55,  sec.  21 do... 

T.  94,  B.  54,  sec.  36 do... 

T.  95,  R.  65,  sec.  8 do... 


Depth. 


Feet. 


524 

455 

525 

475 
400 
500 
521 
422 
648 
450 
480 
522 
435 
495 
535 


Diame- 
ter. 


Inches. 
>> 


4i 


2 

6-5 
3 
3^-3 
2 
2 
2 
2 
2 
2 
2 


Yield 
nute. 

Gallons. 
2,600 

330 


6 

500 

1,300 

350 

120 

4 

80 

65 

30 

100 

75 

50 


Height 
water. 


Feet. 
+62 

+127 

Flow. 

Flow. 

Flow. 
+115 
+113 

Flow. 

Flow. 

Flow. 
+23 

Flow. 

Flow. 

Flow. 

Flow. 


Remarks. 


PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  SOUTH  DAKOTA. 

Report  on  Irrigation^  52d  Con^rress,  1st  session,  Senate  Ex.  Doc.  No.  41,  part  2, 
pp.  40-e5,  Washington,  1893. 

Preliminary  Report  on  the  Artesian  Waters  of  a  Portion  of  the  Dakotas.  by  N.  H. 
Darton,  United  States  Geological  Snrvey,  Seventeenth  Annual  Report,  1895-06, 
part  2,  pp.  609-694,  Washington,  1896. 

New  Development  in  Well  Boring  and  Irrigation  in  South  Dakota,  by  N.  H. 
Darton,  United  States  Q^ological  Survey,  Eighteenth  Annual  Reports,  1896-97, 
part  4,  pp.  567-615,  Washington,  1897. 

G^eology  and  Water  Resources  of  a  portion  of  Eastern  South  Dakota,  by  J.  E. 
Todd,  United  States  G^eological  Survey,  Water-Supply  and  Irrigation  Papers, 
No.  34,  34  pages,  plates  and  maps,  Washington,  1900. 


Location. 


Bells. 


ChAttanooga 

C'nickett  Mills 

Dull  (13 miles  from).. 

Do 

Dyersburg' 

Do 

Glen  Mary  (3  miles 
west).' 

Do 

Helenwood(  ?) 


County. 


Hurricane  Creek* . 
Iron  City 

Do 

K  i  n  ^ton  Springs . . 

Knoxville 

Mempbis 

Uo.* 

Do 


RuRby. 
Saltillo 


Crockett... 

Hamilton  .. 
Crockett... 

Dickson 

do 

Dyer 

do 

Scott 


.do 
.do 


Union(?).. 
Lawrence. 

do 

Cheatham 

Knox 

Shelby  .... 

do 

do 


Morgan 
Ha 


»rgan 
rdin 


Depth. 


Diame- 
ter. 


Yield 

per 

minute. 


Height 
water. 


Remarks. 


Feet. 
1,100 

600 
+900 

565 
2,000 

600 

600 

1, 238-1,  ;ho 

6(X) 
1,500 

530 

400 

480 

1,000 

2,100 

450-400 

+1,156 

3,000-2,000 


Inches.  Gallons.      Feet 


Prosi^ot    well;    uu- 
snccessful. 
10-8  50  i  -W)  I 

3    ..No flow.     Abandoned. 

4^:.  I  Three  oil  wella 


4i, 


140 
130 


12 


Tullahoma CoflPee 


950 

700 


8-6 


36-6 


flows. 


2rM)-100 


Many. 


Flows. 


Oil  well. 
Do. 
Do. 

Oil  wells;  several 
others  in  Scott 
County. 

For  oil;  unsuccess- 
ful. 

Oil  well. 

For  oil  or  gas. 

For  gas;  not  in  use. 

Unsuccessful, 

Temp.  57*>. 

Several  wells. 

Several  wells  for  oil; 

abandoned. 
Several  wells  for  oil. 
Sulphur;    temp.  4.'»«»; 

bored  in  1830. 
Oil  well. 


»  Record,  U.  S.  Geol.  Surv.,  17th  Annual  Report,  1890,  part  2,  pp.  53,5a 
«Tennes.see,  Comm'r  Ag.  Rept.,  Oil  Region,  1877,  pp  54,73. 
•  U.  8.  GeoL  Surv.,  17th  Ann.  Rept.,  1895-96,  part  3,  pp.  699-700. 
^Tennessee,  State  Board  of  Health,  Bulletin,  vol.  6, 1890,  pp.  98-106. 
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TEXAS. 


Lcx^tion. 


County. 


Abbott  (Umile«N.)J  Hill 

Do 1 do 

Abilene Taylor 

Albany i  Shackelford 

AltaLoma j  Galveston  .. 


Alvarado 

Alvin  (4  milea  north) 
Aqailla 

Do 

Archer  City 

Do.» 

Do 

Areola — 

Argyle  (U  miles  cast) 
Arlington 

AnP 

Austin    (Fifth    and 

Jacinto  streets ) . ' 

Austin  (asyl  nm ) 

Austin  (poorhouse) . . 

Austin 

Do 

Austin  (East   Fifth 

street). 
Austin     (Natato- 

rium)  *. 
Austin  (Asylum)^... 

Austin  ♦ 

Do 

Austin  (near) 

Baileyrille 

Baileyyille  (3  miles 

west). 

Baird 

Bastrop 

Barstow 

Batesville 

Bedford  (3 milea S.).. 
Belcherville 


Johnson  . . 
Brazoria . . 

Hills 

do 

Archer 

do 

do 

Fort  Bend 
Denton  ... 
Tarrant... 


Belton  (9miles  W.).. 
Belton(  10  miles  SE.). 
Belton  (2  miles  NE.). 
Belton  (19  miles  W.). 
Belton  (9  miles  SW.)- 

Bolton  * 

Belton  (1  mile SW.).. 
Belton  (1  miles.)  .... 
Big  Spring 


Birdville 

Birdville(lmileN.). 
Birdville     (one-half 

mile  from). 
Blum(4i  miles  E.)... 

Bolivar 

Bonham 

Do 

Do 

Bowie 

Bowie  (one-half  milo 

west). 
Boyce  (1^  miles  west) 

Do 

Brackettvillo    (7 
miles  from).* 

Brambleton 

Branch  ville  (4  miles 
east). 

Do 

Breckenridge 


Bexar. 
Travis 


do 

-do 

.do 

do 

do 


Travis  . 

....do.. 
....do.. 

do.. 

Kinney 
Milan.. 
do.. 


Callahan.. 
Bastrop... 

Ward 

Za valla  . . . 
Tarrant . . 
Montague 

Bell 

do 

...do 

do 

do 

do.,... 

do 

do 

Howard  .. 


Tarrant 

do... 

do... 


Hill 

Denton  ... 

Fannin 

....  do 

do 

Montague. 
do 


Ellis 

....do... 
Kinney  . 

Tarrant. 
Milan  ... 


do.... 

Stephens. 


Depth. 


Feet. 

446 

486 

2,500 

400 

875-9S0 

1,500 
502 
OH) 
H(K) 
550 
7:36 
500 

t910 
500 

1,480 

673 
2,020 

1,280 

i,aoo 

471 

1,450 

700 

2,025 

1,976 

2,053 

1,280 

400 

800 

831 

415 

+900 

+500 

700 

602i 

900-1,200 

700 

1.800 

1,000 

530 

772 

975 

1.080 

1,000 

608 

406 
486 
420 

582 
1,176 

+400 

+400 

1,5(K) 

700 

600 

981 
976 
404 

485 


Diam- 
eter. 


IncJies. 


700 
1.400 


9 


6 


Yield 

per 

minute. 


(rallona. 
20 
Several. 


Few. 
810 


70 
Few. 
Several 
Few. 


300 

"si' 


175 


10-8- 
7-6 


5 

5 

6 

14 

176 

+104 


8 


Height 
water. 


Feet. 
--160 
-  186 


22 
Flows. 


Remarks. 


Numerous    wells. 
Temp.  76*-78'». 


Flows. 
Flows. 

-  50  )  Alkali  water. 
No  flow.  [  , 

Salt  water  only. 

Flows. 

Soft  water. 
Strong    mineral 
water. 
-4 
Flowa. 


Flows. 


No  flow. 


Flows. 

Flows. 

+40 
-5 


No  flow. 


70 


Many. 


70 

173.6 

347 


No  flow. 

-300 

Flows. 

Flow. 

Flows. 
Flows. 
Flows. 
Flows. 
Flows. 
Flowa 
Flows. 
Plows. 


Many. 


U 


Several. 


No  flow. 
-20 
Flowed 
once. 

-200 
Flows. 


In  nrogress  1S97; 

sulphur  water. 
Main    flow  at   1.875 

feet;  temp.  100^. 


Several  wells. 

Failure. 

Water  very  salty. 

Abandoned. 
No  water. 


Soft  water. 
Three    wells; 
water. 


soft 


Soft  water. 
Do. 

Salt    water   at    300 

feet;  abandoned. 
Soft  water. 
Do. 


-160 


Flowa 
Flowa 


-130 
Flows. 

-6 


No  water. 


Soft  water. 
Do. 


Do. 


Failure. 


'    1  Record,  51st  Congress,  1st  session.  Senate  Ex.  Doc.  No.  222,  p.  262,  Washington,  188a 
a  Record,  U.  S.  Geol.  Surv.,18th  Ann.  Rept.,  1896-97,  Part  II,  p.  2?2,  Washington,  1898. 
» Ibid.,  pp.  280-283. 
4  U.  S.  Geol.  Surv.,  18th  Ann.  Rept..  1896-97,  Part  II.  pp.  280,  284,  Washington,  1896. 

*  Record,  Artesian  waters  of  Texas  west  of  the  97tn  meridian,  by  R.  T.  Hill,  58Sd  Congress,  1st 
session.  Senate  Ex.  Doc.  No.  41,  part  3,  p.  116,  Washington,  1893. 

•  Record,  U.  S.  Geol.  Surv.,  18th  Ann.  Kept.,  1896-97,  part  2,  p.  278,  Washington,  1898. 
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TEXAS— Continned. 


Location. 


Bremond 

Brenham 

BrownTille  (30  miles 

Dorthwest). 
Brownwood  (north- 
east of). 
Brownwood 

Do 

Do.. 

Brace  vlUe 

Do 

Bryan    (16     miles 

south). 
Bryan  (12  miles  from) 

Do 

Do 

Borke 


County. 


Robertson  ... 
Washington . 
Hidalgo 


Brown 


do 

do 

do 

McLennim 

do 

Burleson.. 


mile 
miles 


miles 


Burleson    (1 

west). 
Burleson   (Si 
west). 

Call  

Calvert »  .... 

Do.« 

CJalvert      (5 
southwest). 

Do 

Calvert  (5 miles  west) 

Do 

Cayote    (3  miles 
northeast). 

Cedar  Bayoa 

Do 

Do 

Do 

Cedar  HIU  (19  mileb 
southwest). 

Celina ..., 

Ctflina  (1  mile  west)  . 
China  Springs 


Do 

Cisco 

ClarksviUe 

Do 


Do... 
debume 


(6 


Cleburne 

south). 
Clebumo    (5 

southeast). 
CHebume    (3 

southwest) 
Cleburne    (3 

northwest). 

Clifton 

Do 

Clifton  (3  miles  N.) 


miles 
miles 
miles 
miles 


Clifton  (1  mile  west) . 
Clifton  m  miles  N.) . 
Cbf  ton  (8  miles  SE. ) . 
Clifton  (3  miles  W.)  . 
Clifton  (1  mile  W.)  . 

Clifton 

Clifton    (three- 
fourths  mile  west ) . 
Colorado* 


Commerce 

Comstock  (20  miles 
from).* 


.....do.... 
....do... 
...do.... 
Angelina. 


Johnson. 
do... 


Newton... 
Robertson 

do 

.....do 


do.. 

do.. 

.  ...do.. 
Bosque. 


Harris 

do. 

do. 

do. 

DalUs 


Collin 

do 

McLennan 

do 

Eastland.. 
Red  River . 

do 


do... 

Johnson 


do 
-do 
.do 
.do 


Boaq 


ue. 
do"; 


-do 

.do 

.do 

-do. 

.do 

-do 

.do 


Mitchell 


Hunt 

Valverde 


Depth. 


Feet. 
1,500 
600 
TO 

1,900 

1,938 
1,568 
1,808 
1,560 
1,566 
870 

835 

635 

650 
600 

500 

466 

700 

460 

585-620 

510 

900 
400 
800 
430 

558 

600 

727 
610 
750 

470 

400 

1.380 

1,100 
1,680 
1,060 

+1,050 

+1,200 
970-1,003 

520 

568 

420 

424 

640 
70O 
662 

n5 

670 
840 
612 
687 
700 
700 

1,120 

2,300 
660 


Diame- 
ter. 


Inches. 


10-6 


2 

2 
2 
7 


4 

1 


3 
3 
3 
3 


Yield 

per 

mmate. 


OcUlona. 


32 


139 
22 

35 
22 

15 


Many. 

Several. 


Many. 
Many. 


5 

30 

Many. 


1. 1 


40 


Heiffht 
water. 


Feet. 
No  flow. 


No  flow. 


+74 


+125 
Plows. 
Flows. 

+30 

+26 
+20 


No  flow. 

No  flow. 

Plows. 

-30 

Flow. 

Plow. 

-20 
-20 
-100 
No  flow. 


Plows. 
Plows. 


-300 

-145 

-100 

Plows. 

Flow. 

-25 

Plows. 

-10 
to -12 


70 
Many. 


Many. 

Many. 

170 

Many. 

230 

60 
170 
170 


Manv. 


-40   to 

-70 
No  flow. 

-168 

-160 

-274 

Flows. 

Flows. 

Flows. 
Flows. 
Flows. 
Plows. 
Flows. 


Flows. 


Remarks. 


Borne  water. 
Failure. 


Oil    borings;   some 
gas. 

Failure. 
Do. 

Soft  water;  temp.  95". 


Temp.  85". 
TenjD.  76«». 

Salt  water;  a  ban 

doned. 
Soft  water. 

Do. 


Several  wells. 
Several  wells  in  vi- 
cinity. 


Tenip.  76«». 

Do. 
Soft  water. 

Do. 
Do. 
Another  flow  at  800 

feet;  temp.  ]02<*. 
Two  ( ?)  wells. 
Salt  water. 
Brackish  water; 

abandoned. 
Salty  water. 

Abandoned. 
Many  wells. 

Soft  water. 

Do. 

Do. 


Temp.70«». 
Temp.    84' 

water. 
Soft  water. 


soft 


Do. 

Do. 
Temp.  70«». 
Soft  water. 

Several   deep   salt 
wells. 


1  Record,  51st  Congrees,  1st  session.  Senate  Ex.  Doc.  No.  222,  p.  266,  Washington,  IflSO. 
«  Record,  Texas  Geol.  Surv.,4th  Ann.  Rept.,  1802.  p.  1G9. 

>  Record,  U.  8.  Geol.  Sarv.,  18th  Ann.  Rept.,  1896-97,  Part  II,  p.  265,  Washington,  1898. 
4  Record,  Slst  Congress,  Ist  session.  Senate  Ex.  Doc.  No.  222,  p.  284,  Washington,  1890. 
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TEXAS— Continued. 


Location. 

County. 

Depth. 

Diame- 
ter. 

Yield 
muute. 

Heisht 

of 
water. 

Remarks. 

Ck>pera8Cove 

Coperas    Cove    (4 
miles  north). 

Coperas  Core 

Comhill 

Coryell 

do 

Williamson.. 
Nueces 

Feet. 
1,806 
500 

1,875 
404 

Inches. 

GaiUma. 

Feet 
-100 
No  flow. 

-475 
-282 

Braokinh  water. 

Many. 

Salty  water. 

Corpus  ChrLsti 

....do  

1,766 

526 

500 

50 

300 
100 

Mineral  water  at 

Do 

do 

do 

Navarro 

aboat  000  feet  only. 

Do 

Cnrsicana     ...     . 

Corsicana  (3  miles 

do 

do 

do 

do 

.-..do 

do 

do 

do 

do 

Coryell 

Lasalle 

do 

2.500 

2,477 

1,000-1,200 
2,483 

2.150 
2,487 
2,500 
1,035 
2.300 

940 
.825 

1,010 
852 
800 

1.008 

eoo 

1.000 

1.040 
946 

1,000 
630 
486 
446 

430 

484 

1,000 

850 

+400 

790-1,000 

718  ' 

west). 
Corsicana  .  . 

Several  wells. 

Do 

Many  oil  wells. 

Do 

Do 

.*.••-«« 

206 

206 
Many. 
+194.4 

+150 

Water,  gas,  and  oil; 

temp.  1^°. 
Oil  at  1,100  feet. 

Do.... 

Do 

Do 

+86 

Temp.  126'  P. 
Oil  well. 

Corsicana  (3  miles 

west). 
CoryeH  (3  mUes  east) 
CotuUai 

Many. 

-60 
Plows. 

Soft  water. 
Bad  water. 

Do 

55.5 

Do 

do 

Do 

do 

2 
Many. 

Plows. 
+6 

-100 

Do. 

Do 

do 

Temp.  86°  P.;  aUca- 

Cotulla  (8  miles  S.)  .. 

do 

line-sallne  water. 
Bad  water. 

Crawford  (4  miles 

McLennan . . . 

do 

do 

do 

"■'5^' 

31 

81 
140 

50 

Many. 

3 

Soft  water. 

west). 
Do 

Do. 

Do 

Temp.  73«    P.;   two 

wella 
Soft  water. 

Do 

Crockett 

Houston 

Tarrant 

do 

do 

do 

Bosque 

Dallas 

do 

do 

do 

....  do  

do 

do 

do 

do 

Guadalupe . . . 

Valverde 

do 

-do 

Grayson 

Denton 

do 

-190 

No  flow. 

-160 

No  flow. 

-134 

Flows. 

Plow. 

Plows. 

Flows. 
Flows. 
Flows. 
Plows. 

Crowley 

Soft  water. 

Crowley  (3  miles 

northwest). 
Crowley  (7  miles 

Do. 

Do. 

southwest). 
Crowley   (3  miles 

2 

Do. 

from). 

Cyrus  (1  mile  east) .. 

Dallas  (1  mile  east) . . 

Dallas  (0  miles  west- 
northwest). 

Dallas 

Do 

Many. 
Many. 
Many. 

Two  wells. 

Numerous  wells. 
Much  soda  in  water. 

Do 

Dallas  (City  Park)... 
Dallas 

700 

.        672 

±3,500 

850 

±400 

810 
760 
475 
460 
1,800 

12 
15 

Dallas  (1  miln  south) . 
Dallas  (6  miles  west- 
north  west). 
Davenport 

70 
Many. 

Plow. 
Fkws. 

-180 

-60 

-300 

Flows. 

Two  wells. 
Good  water. 

Del  Rio  « 

Mineral  waters. 

Del  Rio  (30  miles  N. ) . 

Del  Rio  (3  miles  S. )  . . 

Sulphur  water. 

Denison  (1  mile  S. )  * 

2^ 

Abandoned. 

Denton         

460 
550 
600 
620 

+16 

+20 

Do 

6 

6 
Pew. 

8 

Do 

....  do 

Do 

do 

Plows. 
Plows. 
Plows. 
-85 
Flows. 
Plows. 
Flows. 
Flows. 

-600 

Do               

..  do  

600 
606 
540 

Do 

Derby  

do... 

1  Prio 

28 
Many. 
14 
40 
84.7 

Dickinson^ 

Do ^..-- 

Dickinson  (Smiles  W.) 
Dickinson      Tone- 

Galveston . . . 

do 

do 

do 

1  Pecos 

600 
624 

700 

588 

1,797 

8 
3 
8 
1 

7M 

fourth  mile  west). 
Dryden 

18 

>  Texas,  Geol.  Surv.,  2d  Ann.  Rept.,  1891,  p.  71;  Analysis,  51st  Congress,  Ist  session.  Senate 
Doc.  No.  222,  p  272,  Washington,  1890. 
"US. Geol.  Surv.,  18th  Ann.  Rept.,  1896-97,  Part  II,  pp.  285,299,  Washington,  1896. 
> Record,  ibid.,  21st  Annual  Report,  1899-1900,  part  7,  p.  197,  Washington,  1901. 
*  Analysis,  Texas  Geol.  Surv., 4th  Ann.  Rept.,  1893,  p.  104. 
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TEXAS— Contmned. 


Locatloii. 


County. 


Drydeii •  Pecoe 

Dublin !  Erath 

Eaf^leflat ...    El  Paso 


Eafflef ord  . . 
Eagle  Pass  V 

Do 

Eastland*.. 

Do 

Do 

Eden 

Do 


Dallas 
Maverick . . 

do 

Eastland... 

do 

...do 

Concho 

do 


ine. 


Eddy 

El  Paso  (NW.  of) 

El  Paso  ( lOmilea  NE. ) > 

Endnal 

Enon 

Enon  (1  mile  west ) . . . 
Enon  (3  miles  NK )  . . 

Estelle 

Enlo^y 

Do 

Enlogy  ( 1  mile  north ) 
Eulogry       (three- 

fonrth  mile  north) 
Euioffy    (one  fourth 

mile  west). 

Fairwood* '  Galveston 

Farr  (2  miles  south)  ,  McLennan 

Ferris '  Ellis 

Finlay* El  Paso    .. 


McLennan . 

El  Paso 

...do 

Webb 

Tarrant 

...do 

...  do - 

Dallas 

Bosqni 

'.'.'.'.do 
...do 


do 


Forreston 

Fort  Bllas  Station. 
Fort  Worth* 

Do 

Do 

Do 

Do 

Do 


I 


Do 

Fort  Worth  (3  miles 

north). 
Fort  Worth  (10  miles 

Fort  Worth  (12  miles 

southeast). 
Fort  W^orth  (7  miles 

south).  ^ 
Fowler  (U  miles  N. ) 
Frankfort  (Smiles 
southwest). 

Franklin 

Freeland  (2  miles  B. ) . 
Freeland  (2f  miles  8 
Freeland  ( U  m  iles  K. ) 
Freeland  (li  miles  W 
Gainesville 

Do 

Do 

Do 

Eto 

Do 

Do 

Qalveston  " 


Do 


Ellis. 


Tarrant . 

do... 

...  do... 

do.. 

do.  . 

do... 


-do 
do 


.do 
.do 
..do 


Bosque. 
Collin.. 


Robertson 
Johnson  .. 

do 

....  do 

....  do 

Cooke 

do 

do 

do 

do 

do 

do 

Qalveeton . 


.do 


r^  ^.       'Diame-I   ^ield 
^        minute. 


Feet. 

m)  I 

680  ' 

417  I 

1,508  I 

400 ; 

500  I 

i,aoo  , 

400  ' 
987 

800 

1,565  , 
HOO 
631 
900 
442 
430 
460 
970 
780 

5;a) 

475 
460 

430 

54  0 
1,065 
1,360 
1.080 

.400 
403 


Inches. 


6 


Gallons. 
Many. 


800 


950- 


484 

450 

465 

1.400 

4,ono 


760 
1.300 

480 

534 

+4a) 

rj5 

1,200 
500 
618 
585 
548 
1 1,250 
850 
4^ 
406 
633 
700 
860 

3,070 

1,346 


4i 


10  to  4 


4* 


206 


5 
Many. 


34 
30 


10 

68 

50 
10 
89 


Heiffht 
water. 


Feet. 
-530 

-8 


4-35 


No  flow, 

Flows. 

Flows. 


Flows. 


Many. 


30 
140 


+308 


123 


23-^ 


15 
18 
&5 
12 


2(3 


09 
Many. 


6 
Many. 


400 


-2L5 
-200 
-142 
-60 
-90 
Flow. 
Flows. 
Flows. 
Flows. 
Flows. 

Flows. 

Plows. 
Flows. 
Flows. 


130 


-50 


Plows. 
Flow. 


-450 


PJp 


w». 


No  flow. 
Plows. 
Flows. 
Plows. 
Plowa 

—  40 

—  10 

—  40 
No  flow. 

—  7 

—  80 


Flows. 


Flows. 


Remarks. 


No  water. 
Soft  water. 
Salty  water. 
Abandoned. 
Aliandoned. 
Salt  water. 
Mineral  water. 
Salty  water. 
Oily    water;     aban- 
doned. 
Soft  water. 
In  granite;  no  water. 

Good  water. 


Soft  water. 
Soft  water. 


Do. 

Do. 
Temp.78io. 


Bad  water  at  386  feet ; 

abandoned. 
No  water. 


Several  wella 

No  flow  l)elow  1,300 

feet:  temp.  140°  at 

3,260  feet. 


Soft  water. 
Salty  water. 

Soft  water. 

Good  water. 
Soft  water. 
In  progress. 


Brackish 
various 
l>ott-om. 

Salty  water. 


water    at 
depths  to 


1  Record,  51st  CongresB,  Ist  session.  Senate  Ex.  Doc.  No.  222,  p.  266,  Washington,  1890. 
3  Ibid.,  pp.  268, 268. 

*  Record, 51st  Congress,  Ist  session,  Senate  Ex.  Doc.  No.  222,  p.  297,  Washington,  1890. 
«  Analysis, Texas  Geol. Surv., 4th  Ann.  Rept.,  1892. p.  102. 

*  Analysis,  51st  Congress,  Ist  session.  Senate  Ex.  Doc.  No.  222,  p.  273,  Washington,  1890. 

*  Record,  Artesian  waters  of  Texas  west  of  97th  meridian,  by  R.  T.  Hill.  52d  Confess.  1st  session. 
Senate  Ex.  Doc.  No.  41, Part  3,  pp.  105-106,  Washington,  1893. 

T  Fifty-first  Congress,  1st  session,  Senate  Ex.  Doc.  No.  222,  p.  270,  Washington,  1890. 
«  Records,  analysis,  etc.,  Texas  Geol.  Surv.,  4th  Ann.  Rept ,  1892,  pp.  87-101;  U.  S.  Qeol.  Survey, 
2l3t  Annual  Report,  1899-1900,  part  7,  pp.  403  406,  Washington,  1901. 
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TEXAS— Continued. 


Location. 

County. 

Depth. 

Diame- 
ter. 

Inches. 
6 

Yield 
minute. 

Height 
water. 

Remarks. 

Gkilyeston 

Galveston  ... 

do 

Coryell 

do 

Feet 
810-973 

1,365 

500-^)60 
700 
475 
612 

658 

620 

420 
563 
600 
663 
1,400 

625 
1,135 
485 
498 
423 
412 
560 

602 

425 

509 

30O-560 

1,730 

410 
2,029 
430 
480 
740 

400-450 

QoJilons, 
Many. 

260 

2-20 
175 

Feet. 
Plow. 

Flows. 

Plow. 

Several  wells;  wat«r 

Galveston  (2i  miles 
west). 

Gatesville 

Do 

too  salty. 
Temperature  81°. 

Several  wells. 

Do 

do 

No  flow. 

Soft  water. 

Gatesville  (8  milm  W. ) 

do 

do 

Williamson . . 

Johnson  ...*.. 

Mills 

do 

Do. 

Gatesville   (6   miles  , 
southeast).                , 

Georgetown  (2  miles 
east). 

Godley  (5  miles  S.) . . . 

Gold  tn  waite 

"'\^i 

4 

15 
Many. 

Flows. 

No  flow. 
-20 

Do. 

Do 

Do      

..    do 

10-7 
10-« 

i 

-20 
+  60 

Flows. 
-60 
+  23 
4-23 

No  flow. 
-96 

Gk)nKa]eA   

Wilson 

do 

15 

30 
Many. 

1 

Flows  at  650, 960, 1,300, 

Do 

and  1,400  feet. 

Gonzales  (1  mile  N.). 
Gordon 

do 

Palo  Pinto... 
....  do 

Tarrant 

Williamson.. 

Johnson 

do 

Hamilton 

Tarrant 

Lavaca 

McLennan . . . 

Hartley 

El  Paso 

Tarrant 

do 

Robertson... 

do 

Salt  water. 

Do 

Grapevine    

Gravis  (U  miles  S.).. 
Greenway  (one  half 

mile  west). 
Green  way  (one-half 

mile  northwest). 

TTATnilfnTi          ...    

Salt  water  and  gas. 
Soft  water. 

8 
45 

22 

Sulphur  water. 
Soft  Water. 

Flows. 

Do. 
Water  onl  y  at  850  feet 

Handley 

Hallett«ville 

-25 
Flow. 

to  -8  feet. 
Soft  water. 

Harmofla   

5 
12-7i 

139 

17 
Pew. 

Soft  water;  temp. 

Hartley 

lOS**. 

Haskell 

No  flow. 
-256 

Haslett  (Imile  B.) 

Soft  water. 

Ha8lett(3mile8SE.) . 
Hearne 



3 

-268 
Flows. 

Flow. 

Many  wells  in  vicin- 

Do  

4 

ity- 
Several  wells. 

Do 

do 

Do 

do 

460-700 
300-700 
300-700 

480 

426 

1,365 

1,200 

700 

1.800 

1.762 

500 

728 

710 

768 
1,800 
1,700 

1,650 
1.500 
1.000 

1,2(10 

1,000 

1,500 

493 

564 

850 

500  or  less. 

700 

600 

3,166 

2 

3 
12" 

3  to  io  '  4-ib-i-4b 

Do. 

Hearne  (8  miles  S. ) . . 
Hearne    (12  miles 
northwest). 

Heffron 

HemTninif    .    .      _ 

do 

do 

Galveston  ... 

Cooke 

Hamilton 

.  ...do 

3 
3 

52 
100 

Flows. 
Flows. 

• 

-1-16 
Plows. 

Temp.  60*  i 
Soft  water. 

Hico 

—125  !  Water  at  2 10.300,  eon. 

Do 

{     and  900  feet. 
No  flow.  1 

Hidalgo 

Hidalgo 

Hill 

do 

-100 

Hlllslibro 

Flows. 

Do 

84.7 

Flows. 

Do 

do 

'  Failure. 

Hitchcock' 

Galveston  ... 

do 

do 

66 

100 

48 

10 

Many. 

Many. 

Flows. 

Flows. 

Flows. 
Flows. 

Temp.    77«;   many 

wells  in  vicinity. 
Temp.  77°. 

Temp.  78*. 

Hitchcock  (U  miles 
northwest). 
Do 

Holland  ( 10  mUes  S. ) 

Bell 

Salt  water. 

Honevorrove      

Fannin 

do 

Strong  mineral  wa- 

Do  

-  50 

ter. 
Do. 

Do 

do 

Do 

do 

-300 
No  flow. 

Salty  water;  not  in 

Do 

do 

use. 

Hondo - 

Medina 

do 

No  water. 

Do 

8' 

8 
5 

Many. 

130 
200 

-175 
Flows. 
Flows. 
Flows. 
Flows. 

Houston 

Harris 

do 

Do 

Do 

do 

Do 

....  do 

Fine  water. 

Do 

do 

Houston      (3     miles 

do 

HillH 

42 

Temp.  70«». 

from). 
Hubbard 

Flows. 

1  Analyses,  eto.,  Texas  Geol.  Surv.,  4th  Ann.  Ept.,  1892,  pp.  1(13-103. 
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TEXAS-  Ck>ntinned. 


Location. 


Hneco 


HneooCaOmilesNNE.) 

Hamble 

HantBTJlle 

Unrst  LiC^e 

Italy 

Itasca 

Do 

Jefferson 

Joshua  (3  miles  west  t 
Joshua  (6  miles  NW. ) 

Kaufman 

Kaof man  (1  mile  NW. ) 

Eearnes 

Keechi 

Keene 

Keller 

Do 

Do.i 

Keno- 


County. 


El  Paso 


KerrviUe 


Kerrvllle  (9^  m  i  1  e  s 
northeast;.* 

KiUeen 

Kimball 

Kimball(6  miles  west) 

Kopperl 

Kopperl  ( }  mile  east) 

Kopperl 

Kopperl  (3i  miles  W.) 

Kopperl 

Krum  (2^  milessouth) 

Ladonia 

Do 

Lancaster 

T/ff.TT^f*Tn ., 

Do 

Do 

Lanoria* 

Laporte 

Do 

Laredo 

Lebanon  

Llano  (9  miles  SE)  . 


do.... 

Harris  . . . 
Walker  .. 
CoryeU  .. 

Ellis 

Hills 

do.... 

Marion... 
Johnson  . 
.....do.... 
Kaufman 

do... 

Kearues  . 

Jack 

Johnson  . 
Tarrant.. 

do.... 

do.... 

Liberty  - . 


Kerr 


do 


Bell.... 
Bosque. 

'.'.'.'.'.do" 


IjongteUow 

Ix>rena 

Lorena  (Smiles  west) 

Lorena  

Lozier 

Lufkin 


Manor* 

Marine  (k  mile  KE.). 

Marlin 

Mar»hall 

Max  on  Springs 

Maysflela 

McOrejjor 

Do 

Do 

McGregor   (5  miles 
west. ) 

McKinney 

MenardTiIle  (near).. 

Menard  viUe 


Meridian 


Meridian  (10  miles  E.) 
Meridian  (12  miles  E. ) 


do.... 

do 

...do.... 

do.-.. 

Denton  .. 
Fannin... 

do..-. 

Dallas... 
Hamilton 

do.... 

do.... 

Mesa 

Harris ... 

do.... 

Webb.  .. 
CoUln.... 
Llano 


Pecos  

McLennan 

do 

do 

Pecos  

Angelina. . 


Travis 

Tarrant 

Palls 

Harrison... 

Buchel 

Milam 

McLennan. 

do 

do 

do 


Collin. 
Brown 


Menard 
Bosque. 


do 
do 


Depth. 


Feet 
431 

572 

mt 

2,210 

;jO0 

1.400 

l,80fJ 

1.6K0 

802 

525 

424 

450 

600 

1,800 

'  400 

750 

400 

457 

430 

700 

1,325 

1.100 

606 
560-630 
564 
400 
600 
625 
600 
525 
450 


Diame- 
ter. 


Yield 

per 

minute. 


Height 
water. 


Inches. 


3i 
9-3 


1,033 
1,067 
470 
»N) 
6a) 
621 
454 
440 
1,200 
400 
500 

683 
1,495 

760 
1,495 

770 
1,300 

2,220 

1,200 

3,360 

1,000 

1,004 

1.356 

1,030 

470 

991 

490 

1,860 
1,100 

1,175 

450-580 

850 

875 


3 
3 


8 


71 


6 


9i-M 
4 


Gallona. 


Many. 

50 

Many. 


Fei^t. 


Flows. 

-100 


i 


160 
Few. 


50 


Several. 


\ 


60 

\ 
800 
150 
200 


41 

80 


Many. 


20 
Many. 

Pew, 
Many. 

Few. 


69 
545 
140 


Several 
Many. 
139 


348 
Many. 

21 


2^-45 
16 


-  10 
Flows. 

+  35 

Flows. 

No  flow. 

-180 


-400 

-aoo 


--50 


Flows. 
No  flow. 


Flows. 


+30 
Flows. 

+:i22 

No  flow. 

-34" 

-10 
Flows. 


-11 
-70 


Flow. 

Flows. 
-42 


-75 
-*5 

-60 
Flow. 

+20 
Plows. 
Flows. 
Flows. 


—215 

Flows. 

Flows. 

No  flow. 

-100 

+2 

No  flow. 

Flows. 

Flows. 

Flows. 
No  flow.  ! 


Remarks. 


Bad    water;   aban- 
doned. 
Bad  water. 
Fresh  water. 


Soft  water. 


Sulphur  water. 
fcJof  t  water. 

Failure. 

Do. 

Do. 
Soft  water. 

Do. 


No  water  belew  90 
feet;  abandoned. 

Good  water  at  750 
feet. 

Granite  below  180 
feet. 

Several  wells. 
Soft  water. 

Do. 
Slightly  brackish. 


Never  completed. 
Soft  water. 
Abandoned. 
Do. 


Coal  prospect;  aban- 
doned. 

Soft  water. 
Salt  water. 
Soft  water. 

No  water;  aban- 
doned. 
Temp.  9;}". 

Temp. 78*:  soft  water. 
Temp.  147°. 

Not  in  use. 

Soft  water. 

Do. 

Soft  water. 

Found  wator,etc.,Vjut 
well  now  caved  in. 

Oil  boring  unsuccess- 
ful. 

Several  wells;  soft 
water. 

Soft  water. 


»  Record.  Artesian  waters  of  Texas  west  of  97th  meridian,  by  R.  T.  Hill,  52d  Congress,  1st  ses- 
sion. Senate  Ex.  Doc.  No.  41.  Part  3.  p.  1(H,  Washington.  1893. 

a  U-  S.  (Jeol.  Surv.,  18th  Ann.  Rept,  1H96-97,  Part  ll.  p.  271,  Washington,  1898. 

*  Record.  5l8t  Congress,  1st  session.  Senate  Ex.  Doc.  222.  p.  297. 

«  Record,  U.  S.  Geol.  Surv.,  18th  Ann.  Rept.,  1896-97,  Part  2,  pp.  285-286,  Washington,  1898. 
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TEXAS— Continued. 


Location. 


Merkel 
Miami. 


County. 


Midlothian 
Milford.... 
Mineola*  .. 

Moody 

Do 


Do... 
Morgan  3 


Taylor  .. 
Roberts. 


ElUfl 

do 

Wood 

McLennan 
....do 


do .. 

Boeqne 


Morgan  (1  mile  SE.) do  ... 

Morgan do... 

Morgan(5mileseast)  j do  ... 

Morgan  {12  miles  E.) .  | 

MorrLq  Ranch' '  Gillespie 

Mound  (2 mjles  NE. ) . ,  Coryell. . 


Ellis 


RobertHon 


Mountain   Peak  (} 
mile  southwest). 

Mnmford 

Myers I  Burleaon.. 

Do ....  do 

Myrtle  Springs Van  Zand t 

Navasota^ Grimes  ... 


Navasota  (IGmilesN.) 
Newlin  Station 

Neri  (2  miles  south ) . 

Newark 

New  Boston 

Norse  (4  miles  SW.). 

North  Galveston 

Oak  Grove  (1  mile  8.). 

Ocee  (1  mile  east) 

Odessa 

Oglesby     (2i    miles 
northwest-west ) .  * 
Orphans'  Home  Sta- 
tion (2  miles  SE). 
Orphans'  Home  Sta- 
tion. 

Palestine 

Palestine  (1^  miles) . . 
Palmer 

Do 

Do 

Panhandle  City 

Paris 

Do 

Park  Springs 

Pearsall 

Do 

Do 

Do I 

Pearsall  (15  milen  E.  r 
Pearsall  (20mileaSE. )' 

PecangrovB 

Peco8» 

Do 

Do 

Do 

Pecos  (4  miles  W. )  . . 

Pierce  Station 

P*iIotpoint 

Pilot  point   (8   miles 

northwest). 
Port  Arthur 


do 


Hall 


Hood 

Wise 

Bowie 

Bosque 

GalveHton  , 
Tarrant... 
McLennan . 

Ector 

Coryell  ... 


Dallas 
do. 


Anderson 

do 

Ellis 

do... 

.  ..do.... 
Carson . . . 
I^mar . . . 

do.-.. 

Wise 

Frio 

...do... 

do... 

do-... 

do.... 

do.... 

Coryell  .. 

Peoos  

do.-.. 

do.... 

....  do  ... 
Reeves. .. 
W  bar  ton. 
Denton  .. 
Cooke 


Depth. 


Feet. 

+2,00C 
-500 

464 
2.018 
1,200 
1.508 
1.300 

1.450 

000 

580-620 

575 
800 
780 
501 
1,100 

435 

300-1,000 
440 
860 
650 

830 

steo 

550 

415 
410 

1.200 

622 

•575-1,600 

5(X) 

1,008 
830 
500 

685 

1.230 


1. 
1, 
1, 


1, 


444 

154 
154 
178 
600 
444 
350 
400 
600 
400 
650 
620 


Diam-i   Yield 
®*®^-    m&ate 


Inche$. 


I 


(?) 


1. 


Jefferson 


Pottsboro    (7    miles     Grayson 

west). 
Prosper Collin   .. 


590 
683 
987 
797 
770 
400 
850  or  900 
937 
426 

±800 

±500 

470 


QcUlons. 


6-3 


100 
20-150 

170 
50 
40 

100 


1-2 
4  2 


.1  Many. 


2-]2 

2 

30 


6 


Many. 


3 


6 

8 


6 

8-6 


6 


70  each. 
Si 
160 


20 

Pew. 

121 

+  9 


83 


Many. 

Many. 
15 
30 
30 


20 
28 
16 
16 


17 
1 


Many. 
Many. 


Heiffht 
water. 


Feet. 


-200 
Plows. 
— M) 
No  flow. 
No  flow 
now. 
-16 
Plows. 
Plow. 

Plows. 
Plows. 
Flows. 

Plows; 

-56 
-6 

No  flow. 


+20 


To  sur- 
face. 
Plows. 


No  flow. 

+14 

-76 

No  flow. 

Flow. 

-72 

Plows. 


No  flow. 

No  flow. 

-40 

—200 

No  flow. 

Flows. 

Plows. 

Plows. 


-6 
-60 

Plows. 

Flows. 

Plows. 

-20 

Flow. 


Flows. 


No  flow. 
""—26 


Plows. 

Flows. 

No  flow. 


Remarks. 


Several    wells    in 
county. 

Mineral  water?. 

Soft  water. 


Soft  water. 
Several  wells;    soft 

water. 
Soft  water. 


Mineral  water. 
Soft  water. 

Several  wells. 
Temp.  60*. 
Temp.  90*. 
Unsuccessful. 


Four  layers  of  salt 
water;  abandoned. 
Soft  water. 
Temp.,65«. 

Soft  water. 
Several  wellsi 
Soft  water. 

Do. 
Aliandoned. 
Soft  water. 

Very  salty  water. 

Mineral  water. 


Several  wells. 
Soft  water. 

Do. 

Do. 
Unsuccessful. 
Abandoned. 


Several  wells. 


Good  water. 
Do. 


Soft  water. 
Do. 

Mineral     water; 

temp.  80^. 
Pure  water. 

Soft  water. 


» Geol.  Surv.  of  Texas  ( Rojwrt  on  the  Brown  coal  and  lignite  of  Texas),  pp.  182-130882. 
»  Record,  51st  Congress,  Ist  session,  Senate  Ex.  Doc.  No.  232,  p.  369,  Wa.shington,  1890. 
»  Record,  U.  S.  Geol.  Surv.,  18th  Ann.  Rept.,  18!W-y7,  Part  II.  p. 272,  Washington.  1898. 

*  Record,  51st  CongreRs,  1st  session.  Senate  Ex.  Doc.  No.  222,  p.  265.  Washington,  1880. 
^Re(»rd,  51st  Congress,  1st  session.  Senate  Ex.  Dor.  No.  222,  p.  283,  Washington,  188U. 

•  Record,  etc,  U.  S.  Geol.  Surv.,  18th  Ann.  Rept.,  1896-V7,  Part  II,  p.  267,  Washington,  1S8& 
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TKXA8— Continned. 


Location. 


County. 


Depth. 


do 
do 


Prosper  ({  mile  east) .   Collin  . . . , 

Qnintana ,  Brazoria 

Uaodol  ( 1  mile  N  E. )  . !  Tarrant . 
iiandol  (one-half    do 

mile  southwest. ) 
Randol  (3  miles  S  W. ) . 
Bandol  (one-half 

mile  north). 

Refn^o* Refufifio 

BefufHo do 

Do do... 

Rend  on  (Smiles  N  ) . . '  Johnson 

BiorisUdmileNE.). do... 

Riovista  (Smiles  E.) do... 

Roanoke  (west.) i  Denton 


Roanoke do 

Roanoke  (one-half   do 

mile  south). 
Rocksprings  —  —    Edwards. . . 

Do do 

Rogers '  Bell 

Boundrock '  Travis 

Roundrock Williamson 

Rusk Cherokee.. 


Sabinal 

Salado(5milesSE.) 

San  Angelo Tom  Qreen. 

San  Antonio* ■  Bexar 


Walde 
Bell... 


mile 


Do 

Do 

San  Antonio  (1 
west). 

San  Antonio 

Do 

San  Antonio  (3  miles 

southeast). 
San  Antonio  (3  miles 

south). 
San  Antonio  (6  miles 

southeast). 
San  Antonio  (2  miles 
south). 

San  Antonio 

Do 

San  Antonio  (3|  miles 
northwest). 

San  Antonio 

Do , 

Do 

Do 

San  Antonio  (3  miles 
north). 

Sanderson' 

Sanderson 

San  Marcos  ^ 


Santa  Tomas 

Sherman 

Do 

Do 

Do 

Sherman  ( 18  miles  N. ) 

Sierra  Blanco  * 

SoQora 

Do 

South  Bosque  (3  miles 

W«*8t). 

Spoflford  Junction  . . . 
Stony  (Ij  miles  south) 

Strong  Junction 

Sngarland 

Do 

Barfside 

Tfcylor 


do 
-do 
.do 

.do 
.do 
-do 

.do 

.do 

.do 

.do 
do 
do 

.do 
do 
do 
do 
do 


Feet. 
600 
(iSO 
546 
525 

420 
506 

853 
856 
1.000 
535 
460  I 
540  ' 
476  , 
400-600 
505 

400 

450 

+1,600 

400 

1,400 
1520 
r>29 
412 
960 
8^-1,200 

1,250 
465 
835 


Diam- 
eter. 


Inches. 


Yield 

per 

minute. 


Gallons. 
4 
-i 


Heiffht 
water. 


F^et. 
-244 


156 


104 
104 

a*7 

Many. 
Mauy. 


40-/>0 


I .. 


Many. 
Many. 

1 


-10 
Plows. 

Plows. 
Plows. 

Plows. 
Plows. 
Flows- 
No  flow. 
No  flow. 
-176 
33 
Flows. 

-16 

I 

I 

I  No  flow. 

Noflow. 

Flow-. 

Noflow. 

-  4 


Pecos. 

do 

Hays . 


Grayson 

.'.".do. "'.'.'. 

.....do 

do 

El  Paso 

Sutton 

do 

McLennan. 

Eenney 

Denton 

Harris 

Fort  Bend . 

do 

Brazoria . .. 
Williamson 


870 
1,100 

1.000 

2,215 

1,900 

500 

660-715 

540 

630 
750  7H0 
450 
657 
58;3 

987 
2.000 
1,480 


55-2rJ0 


:i9: 


55 
55 


7t 


632 
915 

2,500 
660 
480 
943 
480  ♦ 
800 
450 

1.700 

447 

450 

600-1,550 

1,550 

1.070 

1,400 


861 


555 


555 


84 


I 


500-7(1) 


I" 


1,(100 


250 


30 
"6 


Many. 


-50 

Noflow. 

Flows. 


-40 


5(,  Many. 


3 
3-4 

8-4 
4 


3 

48 


IM 
215 
104 


Noflow. 
No  flow. 


Flows. 

+9 
Flow. 

+9 
Flows. 
Flows. 


Remarka 

Soft  water. 
Sulphur  water. 


Soft  water. 
Do. 


Do. 
Do. 
Do. 

Several  wells. 


Two  wells. 
Do. 


Aliandoned. 


Numerous  wells. 


Hot  sulphur  water. 
Water  at  1,800  feet. 


Sevenil  wolls. 


Do. 
Do. 


No  water. 

Waters  at  128, 191,652, 

1,17H.  1.291. 1,345,  and 

1,475  feet. 

Fine  water. 


St*veral  wells. 

Bad  water. 
Several  wells. 
Oil. 


Failure. 
Soft  water. 

Several  wells 


>  Records,  Slst  Congress,  1st  session,  Senate  Ex.  Doc.  No.  222,  pp.  26&-267,  Washington.  1890. 
«  Records,  etc  ,U.  S.  GteoL  Surv.,  18th  Ann  Rept.,  1896-97,  Part  II. ,  pp.  290-287.  Washington,  1888. 
»  Record,  U.  S.  Geol.  Surv.,  18th  Ann.  Rept.,  1896-97,  Part  II,  p  274,  Washington,  1898. 
•Ibid.,  pp.  287-290. 
•  Becord,  5l8t  Congress,  1st  session.  Senate  Ex.  Doc  No.  222,  p.  296,  Washington,  1900. 
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TEXAS— Continued. 


Location. 


County. 


Taylor. 


Do 

Temple  (1  mile  west) . 

TerreVLK.'..........'.. 

Texas  City 

Do 

TheQrove 

Thorndale 

Do 

Thurber« 

Tilden 

Timber 

Tobey  

Torbert 


Toyah  

Do 

Trinity 

Trinity  MilLs  (4  miles 
cast). 

Do 

Troy 

DoV"...'.[V.'.'.'.V.'. 
TnrtleBayon 

Do 

Tyler 

Uvaldo 

Do 

Valda 

Valentine 

Do 

^Taleo 

Valley  Milis"  ".""."*' ." '. 

Valley  Mills  (5  miles 

north). 
Valley  Mills  (1  mile 

north). 
Valley  Mills  (5  miles 
north). 

Van  Horn 

Velasco 

Vernon* 

Do 

Victoria 

Waco* 


T,     ,^      'Diame-    Yield      Height 
Depth,     i    tejr    i     per     I       of 


minute.,  water. 


Remarks 


Williamsom 

.....do 

Bell 

...  -do 

Kaufman ... 
Qalveston  .. 

do 

Coryell 

Milan 

do 

Erath 

McMuUeu... 

Tarrant 

Atascosa — 
El  Paso 


Reeves . 

do.. 

Trinity 
Dallas.. 


do 

Bell 

do 

do 

Chambers 

do 

Smith 

Uvalde 

do 

Polk 

Presidio... 
Jeff  Davis 
Hidalgo . . . 

BosQue 

do 


.do 
do 


Waco  (5  miles  west)  . 

Waldo  (2  miles  south) 

Walllsvllle 

Walters 

Waxahachie 

Do 

Waxahachie  (6  miles 

southwest). 
Weatherford» 

Do... 

Do 

Do 

Webb 

West 

Wexia 


El  Paso  .... 
Brazoria  ... 
Wilbarger . 

do 

Victoria... 
McLennan . 

do 


Coryell 

Chambers  . . . 

Travis 

Ellis 

do 

do 


Parker 

do 

do 

do 

Tarrant 

McLennan . . . 
Limestone . . 


Feet. 
2,800 

1,500 
1,850 
1,800 
2,200 
725 
900 

goo 

1.790 

3.200 

3,050 

475 

57tS 

1,2IJO-1,300 

1,100 


H34 
514 

+900 
+  468 

415 
1.472 
1,474 
1,464 

850 

900 
1.150 

512 

i.oa) 

420 

1.280 

1,245 

I.OIH 

805 

870 

706 

877 

600 
1,100 
(?) 
(?) 
815-956 
1,81^1,862 

1,470 

423 

400 
700 
990 
1,700 
700 

500 
402 
440 
488 
800 
1,690 
1.333 


Inches. 

8' 



Gallons. 
27 

15 

Many. 

Few. 

70 

+104 

+104 

680 

Feet. 
Plow. 

+40 
Plow. 
Flows. 
-50 
+16 
+16 
-13 

No  flow. 
Plows. 

4i 

8 
2* 

8-54 

9-3 
12 

300 

9 

Pew. 

Plows. 
Plows. 

-25 

-25 

Flows. 
Flows. 
Plows. 
Flows. 

8 

4 
6 

14 
243 
139 

Pew. 

-85 
No  flow. 
Flows, 

4 

45 

8 

Many. 

No  flow. 

Flows. 
Plows. 

Plows. 

Flows. 

-500 

f 

694 

Flows. 

1 

41 

7(V-200 
51-400 

347 

Plow. 
Plow. 

Plows. 

-85 

70 

Flows? 

-15 

-135 

-50 
-250 

69 

-250 

-160 

Flows. 

4i 

208 

No  flow. 

+40 
Flows. 

430 

139 

Two  wells:   poor 

water. 
Several  wells 
Temp.  91<*. 

Qood  water. 


No  water. 
Do. 

Salty  water. 
Do. 

A  bandoned.  Small 
amount  of  fair 
water  at  696  feet. 

Sulphur  water. 

Salty,  sulphur  water 


Soft  water. 
Do. 

In  progress,  1901 . 

No  water. 

No  water  below. 

Soft  water. 

Do. 
.Several  wells. 


Three  wells. 

Numerous  well  s . 
Temperature.  100*. 

Pure  water.  Tem- 
perature, 90®. 

Saline  water. 


Soft  water. 


Qood  water. 


Poor  water. 

Oil  or  fica.s  prospect; 
abandoned:  stuD^' 
water  at  512  feet. 


Salt  water. 


Whitesboro Grayson +800 

Whitney Hill 1,575 

Do do 1,000 

Do do 438 

Wichita    Falls    (Ij     Wichita 800 

miles  south). 

*  Record,  Artosian  waters  in  Texas  we.st  of  97th  meridian,  by  R.T.Hill,  &id  Congress,  )»t 
session,  "^euate  Ex.  Doc.  No.  41,  part  3.  p.  JJ9.    Another  authority  gives 2,700  feet  as  depth. 

'<<  Recurd,  oint  Congress,  1st  session,  Senate  Ex   Doc.  No  222,  p.  270,  Washington,  1890. 
»  Analysis.  Texas  (ieol  Surv.,  4th  Ann.  Kept ,  1892,  p  105 

*  Record. 51st  Congress,  1st  session,  h>enate   Ex.    Doc   No.  222,  pp.  265, 289,  Wasbmgton,  1890. 
Analysis,  Ibid.,  p.  271. 

*  Record,  5lst  Congress,  1st  session.  Senate  Ex  Doc.  No.  222,  p.  266,  Washington.  1800. 
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TXiXA6--Ckiiitinned. 


Location. 


Wills  Point. 


YoDngsport 

Vo.\:. 

Yoangsport   (li 

mfles  east). 
Yoangsport     (o  n  e  - 

half  mile  north). 
Zimbi» 


Do 


County. 


Van  Zandt. 


Bell 


.do 
do 


do. 

Harris 
do. 


Depth. 


Feet 
1.100 

404 
417 
433 

444 

480 
5S0 


Diame- 
ter. 


Inches. 
6 


Yield 

per 

minate. 


Oallcns. 


Heieht 
water. 


Feet. 

To  sur- 
face. 

Plows. 

Flows. 

Flows. 

Flows. 


Remarks. 


No    water;     aban- 
doned. 
Do. 


PRINCIPAL  PUBLICATIONS  RELATING  TO  THE  UNDERGROUND 

WATERS  OF  TEXAS.  - 

Report  of  F.  £.  Boesler,  Division  Field  Agent  for  Texas,  letter  from  the  Secre- 
tary of  Agriculture  transmitting  a  report  on  the  preliminary  investigations  to 
determine  the  proper  location  of  artesian  wells  within  the  area  of  the  07th  merid- 
ian and  east  of  the  foothills  of  the  Rocky  Mountains,  5l8t  Congress,  1st  session, 
Senate  Ex.  Doc.  No.  222,  pp.  243-319,  Washington,  1890. 

Report  of  E.  T.  Dumble  on  the  existence  of  artesian  waters  west  of  the  97th 
meridian,  etc.,  Slat  Congress,  1st  session.  Senate  Ex.  Doc.  N.o.  222,  pp.  99-102, 
Washington,  1890. 

Preliminary  reports  on  the  artesian  wells  of  the  Gulf  Coastal  Slope,  by  J.  A. 
Singley,  Texas  Geological  Survey,  4th  Annual  Report,  1892,  pp.  85-113,  Austin, 
1893. 

On  the  occurAence  of  artesian  and  other  underground  waters  in  Texas,  etc., 
west  of  the  97th  meridian,  by  R.  T.  Hill,  Report  on  Irrigation,  52d  Congress,  1st 
session,  Senate  Ex.  Doc.  No.  41,  part  3  (Final  Geological  Reports) ,  pp.  41-166, 
plates,  Washington,  1893. 

Geology  of  the  Edwards  Plateau  and  Rio  Grande  Plain  adjacent  to  Austin  and 
San  Antonio,  Tex.,  with  reference  to  the  occurrence  of  underground  waters,  by 
Robert  T.  Hill  and  T.  Wayland  Vaughan,  United  States  Geological  Survey, 
Eighteenth  Annual  Report,  1896-1897,  part  2,  pp.  193-321  and  plates,  Washington, 
1898. 

G-eography  and  geology  of  the  Black  and  Grand  prairies,  Texas,  with  detailed 
descriptions  of  the  Cretaceous  formations  and  special  reference  to  artesian  waters, 
by  Robert  T.  Hill,  United  States  G^Iogical  Survey,  Twenty-first  Annual  Report, 
1899^1900,  part  7,  pp.  1-649,  Washington,  1901. 

UTAH. 


LK>catioii. 


Boantifnl 

Bountiful    (2    miles 

nortb  of  west). 

LAyton 

l>a,rag€yoah 

Salt  LAkeCity 

I>o 

Salt    I^ke  aty  (12 

miles  north). 
Sxnitblleld 


County. 


Davis 
do 


do 

Iron 

SaltLako... 
do 


Cache 


Depth. 


Feet. 
400 
580 

aoo 

412 

650 

1.1U5 

6a>-750 

410 


Diame- 
ter. 


Yield      Height 
per  of 

minute,    water. 


Indies. 

Gallons. 

Feet 

^-^ 

Pew. 

3 

• 

8 

500 
350 

8 

3 

Remarks. 


No  water. 
Cool  water. 
Several  wells. 


*  Record,  etc.,  Texas  Geol.  Surv.,  4th  Ann.  Rpt.,  18»2,  p.  107. 
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UTAH— Continued. 


Location. 


Spanish  Fork 

Do 

Do 

Do 

Sulphur  SprinKB. 
Vernal 

Do 


CJonnty. 


Utah., 
....do 
....do 
....do 


Uinta 
do 


Depth. 


Jf^t. 


«B0 
400 
400 
410 
660 
976 
900 


Diam- 
eter. 

Yield 

per 

mfnate. 

Heiffht 
water. 

TncheM. 
2 
2 
2 
2 

Gallofu. 

00 

5 

70 

40 

Feet 

No  flow. 

8 

Remarks. 


Abandoned. 
Surface  water  only. 


VIRGINIA. 


Alexandria  (brew- 
ery). 

Alexandria  (ice 
worka). 

Allisonia 

Blueridge  Springs . . . 

Buckroe  Beach 

Claybank 

Cotman 

Covington 

Crewe 

Delton 

Ditchley 

Dublin 

Dymer  Creek  * 


Fairport* 

Fort  Monroe  ■ 


Do.« 

Foster  Falls 

Harriaonbnrg 

Gloucester 

Lamberts  Point  * 

Lancaster 

Middlebrook 

Newport  News 

Norfolk  (Money 

Point). 
Norfolk    (water 

works).' 
Northend Point '  .... 


Alexandria 
.....do 


Pulaski ... 
Botetourt . 


Gloucester  .. 

Henrico , 

Alleghany . . . 
Nottoway  ,.. 
Pulaski 


Pulaski 

Northum- 
berland. 

do 

Elizabeth 
City. 


do 

Wythe 

Rockingham. 
Gloucester... 

Norfolk 

Lancaster ... 

Augusta 

Warwick 

Norfolk 


...do 


Oak  Springs. 

Pulaski 

Do 

Reedville.... 


Richmond    (paper 

miU). 
Richmond     ( S  h  e  r  - 

wood  Park). 
Richmond     (Ginter 

Farm). 

Roanoke  

Roanea  *» 

Stanardsville 

Staunton  (asylum)  . . 
Staunton  (mile  east). 
Sandy  Point* 


Stonega  

Toms  Creek 

Williamsburg . . 
Windmill  Point 


Elizabeth 
City. 


Pulaski 

....do 

Northum 

berland. 
Benrico 


do 
.do 


Roanoke  

Gloucester.. 

Greene 

Augusta 

do 

Fairfax 


Wise 


James  City 
Lancaster  . 


4ao 

401 

400-1,800 
600 

+400 
638 
790 

1,138 
600 

+400 
6S0 
476 
607 

082 
907 


946 

808 
420 
600 
616 
+400 
460 
600 
662 

1,760 

1,172 

400 
400-600 

i.aoo 

680 
400 
900 
400 

1,200 
716 

1,150 
606 
460 
660 

508 


876 
460 


8 
8 


6 


1 
6 


8-6 


IJMi 


1 
6 

'8^' 


6 
6 


5 
6 


8 


90 
20 


75 


Several 

40 

400 

Few. 

Not  any 

2 

S5 


75 


100 


Not  any 
65 


10 

Few. 

Many. 

160 

Not  any 

Several. 
100 


85 
Several, 
Not  any 
Many. 


Flows. 
No  flow. 


Flow. 

Plows. 

-80 


Flows. 


Flows. 

-2 

-10 


+  7 
No  flow. 

-50 
No  flow. 
Flows. 

Flows. 


Flows. 
-10 


+  3 


60 


60 

9 

Many. 

55 

100 
Not  any 


-  4 

+23+ 


-60 

-30 

No  flow. 

-16 
No  flow. 
....do... 


Several  wells. 

in  granite. 
Abandoned. 


DHUed  in  1864;  saline 
water  flowed  at  ijS*l 
feet. 

Saline  water. 


Ferruginous  water. 

Saline  waters  at  aev 
eral  horizons. 


Several  wells. 
Temp.78«. 


Not  in  use. 
For  oil.    No  su 


Water  at  27D  feet: 
below. 


Abandoned. 


»  Record.  U.  S.  Geol.Surv..  Bull.  No.  138,  p.  176. 

«  New  Jersey  Geol.  Surv.,  Report  for  1888,  pp.  121-122. 

*  Record .  Geology  of  the  Virginias,  bv  W.  B.  RcMrors,  New  York,  1884,  pp.  731-736;  Am.  Inst.  Minixis 
Engineers  Trans. .  vol.  24,  pp.  dm-SSi:  U.  S.  Geol.  Surv.,  Bull.  No.  138.  p.  167.  ^* 

*  Re<:ord,  etc. ,  New  Jersey  Geol.  Surv.,  Report  for  1898,  pp.  122-126. 
»  Record,  U  S.  Geol.  Surv.,  Bull.  No.  138,  p.  l72;  New  Jersey  Geol.  Surv.,  Report  for  1899,  pi>. 

*  Record .  etc. .  New  Jersey  Geol.  Surv. ,  Report  for  1809,  pn.  92-102. 


'  Record,  Am.  Inst. MiningEng., Trans., vol. 24, pp. 
"  New  Jersey  Geol.  Surv.,  Report  for  1899 
•  Record,  U.  8.  Geol.  Surv.,  Bull.  No.  138,  p. 
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PRINCIPAL   PUBLICATION    RELATING   TO   DEEP  WELLS  IN 

VIRGINIA. 

Artesian  Well  ProBpects  in  the  Atlantic  Coastal  Plain  Region,  by  N.  H.  Darton, 
United  States  Geological  Survey,  Bulletin  No.  138,  232  pages,  19  plates,  Washing- 
ton, 1996. 

WASHrN^GTOX. 


Location. 

Connty. 

Depth. 

Diam- 
eter. 

Yield 

per 

mfnnte. 

Height 
water. 

Remarks. 

Janction  City 

North  Yakima* 

Do 

Jefferson  — 

Yakim* 

do 

Feet. 
800 
404 

534-835 

650 

1.050 

940 

Inches. 

n 

6 

8,6 

and  a 

6-4 

Gallona. 

Many. 
Many. 

Many. 

Feet. 
Flows. 
Plows. 

Flow. 

Flows. 

+110 

Flows. 

Flows. 

Abandoned. 
Several  wells. 

Do 

do 

Temp.  71*. 

Do 

do 

Do 

do 

Paaco> 

Franklin 

do 

{       ^}     • 

400 :, 

410  1           44 
500    

Many. 

Not  any 
600 
Many? 

Do 

PortBlakely 

Kitsap 

Yakima 

Jefferson 

Kittitas 

-6 
No  flow. 

Prosser 

Port  Discovery 

+800 

700 

1,230 

1,060 

Abandoned. 

Roslyn 

Many. 

Flows. 

Port    Discovery    (4 

miles  northeast). 
Port  Townsend  - 

Jefferson 

do 

.-..do 

do 

do 

For  coal:  unsuccesS' 

Port    Townsend    (3 

1,500 

1,100 

700 

900 

ful. 
Do. 

miles  from). 
Port   Townsend    (9 

Do. 

miles  from). 
Port  Townsend   (15 

Do. 

miles  from). 
Port  Townsend  (18 

Do. 

miles  from). 

WEST  VIRGINIA. 


Alva» 

Tyler 

2,700 
417 

2,620 

1,100 
1.8.59 

For  oil  or  gas. 

Beaver    Creek.  (1 

mile  north). 
Big  Flint  Creek  (2 

Doddridge... 
Clay 

Oil  well. 

miles     southeast 
from  mouth ).< 
Big  Otter 

Do. 

Booher* 

Tyler 

Several  gas  wells. 
Two  oil  wells. 

Bridgeport  

HarriHon '        4-2.500 

■" " 

Brink  (near)  * 

Wetzel 

Harrison 

ITnahnr  

2,753 

1.867 

2,530 

400 

1,000 

2,010 

2,750 
2.060 

i,r35 

2,142 

1,652 

3.249 
1,910-2,880 

460 

For  oil  or  gas. 

For  oil:  unproduc- 

Browns  Mills  ( near  )^ 

1 

Bnckhannon     

tlve. 
For  oil. 

Buffalo  (near)     Pntnam    __  . 

1 1 

Bnlltown 

Braxton 

1 

Salt  well. 

Burning    Springs 

(near)." 
Burnsville 

Wirt 

1 

Oil  well. 

Braxton 

1 

Small  flow  of  oil. 

Cairo* 

Ritchie 

For  oil  or  gas. 

Cairo  (li  milesnorth-  do 

Do. 

west)»c 
Cairo  (4  miles  north-  do . 

Do. 

east).»« 
Cairo     (8    miles  -     --  do__ 

Small  BUDply  of  oil. 

south)." 
Cameron  (near)*'. 

Marshall 

Doddridge . . . 

do 

For  oil  or  ga». 
Several  oil  wells. 

Center     Point 

(near).** 
Central  

5 

—20 

Sulphur  water. 

J  Records,  U.  a  Oeol.  Surv.,  Bull.  No.  108,  pp. 

56-58,  Washington,  188a 
«  Record,  ibid.,. p.  38. 
'Record,  W.  Va.  Geol.  Surv.,  Report,  vol.  1,  p. 

« Ibid.,  pp.  382-334. 
•Ibid.,  p.  356. 
«Ibid.,p.346. 


Ubid., 
"Ibid., 
» Ibid., 
•oibld., 
•'Ibid., 
*Ubid., 
"Ibid., 
"Ibid., 


pp.  249-250. 
pp.  262-283. 
p.  302. 
pp.  303-304. 
pp..')05-307. 
pp.  308-308. 
p.  350. 
pp.  328-332. 
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WEST  VIRGINIA-Continued, 


Locfttion. 


County. 


Central  City 

r>oJ - 

Central  City  (vicin- 
ity). 

Charleston  (water- 
worlcs).* 

Charleston  (Smiles 
above).* 

C)liarleflton  (9  miles 
above).* 

Charleston  (13  miles 
southwest).* 

Chorry  Camp  (vicin- 
ity). • 

Clarksbnrg ' 

Clarksburg  (5  miles  i 
east).  j 

(Harksburg  (4  miles  ! 
south).  I 

Clifton ' 

Cross  Oeek  district  ^ 


CabeU. 

do. 

Boyd. 


Deptih. 


Eanawba 

do.... 

do.... 

do.-.. 


Feet. 
2,900 
2,770 
:1,«75-1,775 

1,840 

2,450 

2.542 

2,000 


Harrison '2, 556-2, 830 


.do 
.do 

.do 


Mason.. 
Brooke. 

Mingo.. 


1,700 
2,000 

750 

l,8tlO 
765 

2,126 


Dlngess  Station 

(near).* 

Eagle  Mills  (?)  (near)*   Tyler 2.922 

EUenboro  (3*  miles  j  Ritchie 1.782-1,828 

from).'" 


Diam- 
eter. 


Yield      Helffht 
per  of 

minute,    water. 


Inchett.  GcUloHS. 
8k-^k\  Many. 


Eureka  (near)  >• 

Fairfax   (northwest 

of)." 
Fairview  (southwest 

of).»» 
Fairview    (2    miles 

northeast).'* 

Fallsmill 

Farmington  Station 

(2  miles  east).  "^ 
Friendly  (near) 


Glenville" 
Do 


Pleasants < 

Mingo 


Marion.. 

do... 

Braxton 
Marion.. 

Tyler  ... 

Gilmer.. 
do... 


1.348+1 

1.6(K    / 

l.:S8 

1.889 

1,997 

1.000 
2,811 


Grant  district  *' !  Hancock 


Do." 

Harpers  Ferry 

Harrisville 

Harrisville  (near) »» 

Hart  (near)  •« 

Hebron  (near)*'.  ... 

Henry . 

Highland  Church 

(near)." 
Holbrook  (near) «» .. . 
Hundred  (near)  ^* ... 
Huntington 


Do 

luka  (near) 
Jarvisville  . 


Wetzel  

Jeffors  »n 

Ritchio   

-      do  

Lincoln  ...  . 
Plea.sant.s  .  . 
Preston  . .  . . 
Monongalia 
Marion  lino. 

Ritchie 

Wetzel 

Cabell 


do... 

Tyler  .... 
Harrison 


2,412 

800 

1,470 

3,044 

412 

l,(M0-2,<X'0 

8,  .TOO 

3,260 

2,0«() 

7(0 

3,484 

2,670 
3.249 
2,975 


1,200 
2."a36^2,'866" 


Many. 


Many. 


Feet. 
Flows. 


Flows. 


Flows. 
-100 


■>.■ 


4> 
10  5 


Hi-6i 


S-Ci 


Few. 


Bemjvks. 


No  flow. 


SomeoiL 

Small  flow  of  gas. 

Two  <^  wells. 

For  oil  or  gas;  nnpro- 

ductive. 
Moderate  flow  of  gas. 

Small  flow  of  gas. 

For  oil  or  gas;  nnpro- 

dnctive. 
Several  oil  and 

wells. 
Some  gas. 


Salt  water. 


For    oil;    unprodac- 

tive. 
For  oil  or  gas. 

Do. 
Several  oil  and  gma 
wells. 

Two  oil  wells. 

For  oil  or 

Oil  well. 

For  oil;  unprod ac- 
tive. 

Salt  well. 

For  oil  or  gaa;  aban- 
doned. 

Peep  well  for  oil  c^ 
eras. 

Oil  and  gas  well. 

For  oil  or  L 
doned. 

For   oil;    nnprodnc- 
I     tive. 
I  Qas  welL 

I  Several  oil  weUa. 
I  Oil  well. 
For  oil  or 
Do. 

OilweU. 

Oil  well. 

Gas  well. 

Oil  prospect;  ansae 
cessful;  much  wa- 
ter at  lx>ttom. 

Several  oil  wells. 
Numerous  oil  wells. 


»  Record,  W.  Va.  Geol.  Snrv.,  Report,  vol.  1,  pp. 

275  276. 
'Record,  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  I*, 

pp.  331-332. 
a  Ibid.,  p.  330. 

*  Record,  W.  Va.  Geol.  Surv,  Report,  vol.  1.  pp. 

271 -272. 
»Record7Pa.  2d  Geol.  Surv.,  Reports,  Vol.  I*, 

pp.  332-33:}. 
•liecords.  W.  Va.  Geol.  Surv.,  Report,  vol.  1, 

pp  2')2  aV). 
'Record.  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  1» 

pp.  a.»7  ^ViH 

*  Rerord,  W  Va.  Geol.  Surv., Report,  vol  1.  i)p 

278-280 
»n.l.l..  pp.  334-335. 
'">lhi.l,pp  311-315. 
"Ibid,  pp.  351-362. 


"Ibid.,  pp.  276-277. 
»» Ibid.,  pp.  239-241. 
»Mbld.,pp.2:«-23». 
'» Record,  Pa.  2d  Geol.  Surv.,  Ann.  Report  for 

1886,  part  2,  pp.782-78;}. 
' « Record,  W.  Va.  Geol.  Surv.,  Report,  vol.  1.  pp. 

2t0-260. 
'  ^  R»»cord,  Pa.  2d  Geol.  Surv. ,  Reports,  Vol  I*.  p. 

:t» 
' "  Iteoord,  W.  Va.  Geol.  Surv.,  Report,  toL  1,  pp 

340-;W2. 
'•Ibid,  p.  319. 
«" Ibid  .pp. 280-281. 
«'Ibid.,p.;J60. 
«a Ibid., pp  231-232. 
»» Record.  W  Va.  Qeol  Surv., Report,  vol.  t,  p 

3^) 
"  Ibid.,  p  349. 
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WEST  VIRGIISTL/V— Continued. 


Location. 


Joetown  ( 1  mfle  W.)  * 
Kanawha  (and  yicin- 

ity).' 
Kenton    (?)    (ricln- 

ity).> 

Letart  (near)  * 

Liberty  Townahip  • . . 

Longr   Rnn    Station 

(near).  • 

Lot  (near)' 

Londena  ville  (5  miles 

north).® 
Licphtbom  (vicinity) 

Little  Millfl  (near)*.. 

Mackabur^  (near)  *<^. 

Maiden"  

Mannington  (near)  ^^ 

Mannington  (1  mile 
above ). »» 

Mannington  (3  miles 
eon  th  west).  ^* 

Mannington  (3  miles 
north)." 

Mannington  (6  miles 
northwest).  >' 

McKlm(near)" 

Martinsbnrg 

Do 

Metz  (near)  **» 

Mlddleboame    (few 
miles  below).'' 

Middlebourne  (4 
miles  north). 3" 

MiletuR  (near;** 

Do 

Morgan  town  *■ 

Monndsville  (near) " 

MonndsTille   ( vicin- 
ity). 
Moundsville  (3  miles 

northeast  ).*< 
SdEnrphytown  (vicin- 
ity)." 
2^ewbarg 


Connty. 


Marion 

Kanawha . . 

Doddridge . 

Mason 

Marshall 

Doddridge . 

Wetzel 

Marshall 


Lewis 

Tyler 

Noble 

Kanawha .. 

Marion 

do 


do 
.do 
-do 


Tyler  .... 
Berkeley. 

do 

Marion... 
Tyler  .... 


do 


Doddridge.. 

..do 

Monongalia . 

Marshall 

do 


do- 
Wood.. 
Preston 


rkA«4-Ti      '  Diam- 
I>«Pt^-    .  eter. 


Do do  .. 

27e w  Cumberland Hancock 

Nevr  Cumberland  (S    do , 

mjleii  east;.*^ 

Oxford" 

Oxford   (7  mile? 

above  )'• 
F*arker»burg  (near)*" 
Parkersbnrg  (5  miles 

northeast).  *•  I 

I>ooria I  Harrison 

»  Record.  W.  Va.  Geol.  Snrv.,  Report,  vol.  1,  pp. 

345-347. 
«  Records,  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  I* 
829-333:  W.  Va.  Board    of   Centennial 


Ritchie 

Doddridge.. 


Wood 
do 


Feet. 
3.014 
1,000-2,450 

2. 115 

2,139 
2,934 

2,701 

2,588 
1,985 

2,700 

2,690 
1,(»5 
1.800 
1,928 
3,144 

3,042 

2,895 

3,010 

1,942 

485 

450 

2,992 

1,562 

1,638 

2,930 
2,670 
2,267 
1,470 
1,400-1,413 

578 

2,177 

3,009 

mi 

-i-6()0 
1.19K 

2,106 
2,484 

2.0:J5 
3,016 

2,3P0 


Inches. 


I 


[anagers.  Resources,  Report   by  Maury 
Fon 


and  Fontaine,  pp.  287-290. 
»  Record,  W.  Va.  Ueol.  8urv.»  Report,  vol.  1»  p. 

335.  * 

^  Ibid.,  pp.  281-282. 
»  Beoora.  Pa.  2d  (>eol.  Surv.,  Report,  Vol.  I», 

pp.  828-389. 
•  Record,  W.  Va.  Geol.  Surv.,  Report,  vol.  1,  pp. 

325-a^. 
f  Ibid.,  p.  389. 
*•  Ibid.,  fel-558. 
<»Il>id.,p.356. 
*  o  Ibid.,  pp.  296-289. 
»  »  Becora,Pa.  2d  Geol.  Surv.,  Reports,  Vol.  I», 

p.  33L 
a  «  Record,  W.Va.  Geol.  Surv.,  Report,  vol.  1,  pp. 


Yield 
minute. 

Height 

of 
water. 

Gallons.      Feet. 
1 

Remarks. 


I 


—  18 


For  oil  or  gas. 
Numerous  salt  and 

gas  wells. 
For  oil  or  gas. 

Da 
For  oil  or  gas,  itnpro- 

ductive. 
For  oil  or  gas. 

Do. 
Do. 

For  oil  or  gas;  aban- 
doned. 
For  oil  or  ga& 

Do. 
Gas  well. 
For  oil  or  gas. 

Do. 

Do. 

Oil  well 

Do. 

For  oil  or  gas. 
Abandoned. 

For  oil  or  gas. 
Small  supply  of  oil. 

Oil  well. 

For  oil  or  gas. 
Gas  well. 
For  oil  or  gas. 

Do. 
Several  oil  wells. 

Numerous  oil  wells. 

For  oil  or  gas. 

For  gas;  unsuccess 
ful. 

Gas  well. 
Oil  well. 

Do. 
Do. 

For  oil  or  gas. 
Do. 

Do. 


«>  Ibid,  pp.  242  243. 

»<  Ibid.,  pp.  24:i  24*. 

>»  Ibid.,  pp.  244-246. 

'•Ibid.,  pp.  2W-;n7. 

«'Il)id.,p..'JnO. 

'"Record, W.Va.  Geol.  Surv.,  Report,  vol.1,  p. 

34H 
»» Ibid.", p.  361. 
«o  Ibid.,  p.  m\ 

2«  Ibid,  pp.  323-324.  . 

32 Record,  Pa.  2d  Geol.  Surv.,  Repeats,  Vol.  I», 

p.  329. 
^^  Record.  W.Va.  (*eol.  Surv.,  Report,  vol.  1,  pp. 

362-363. 
"Ibid.,  p.  364. 
"  Ibid.,  pp.  292-294. 
«•  Ibid.,  p.  369. 
"Ibid., pp.  321-322. 
a«Ibid.,  pp.  322-323. 
"Ibid.,  p.  285. 
»« Ibid.,  pp.  296-298. 
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WEST  VIRGINIA— Continued. 


Location. 

County. 

Depth. 

Diam- 
eter. 

Yield 
mmute. 

Height 
water. 

Remarks. 

Petroleum     Station 

Ritchie 

Wetzel 

Hancock 

Mason 

Jackson 

Ritchie 

Greenbrier .. 

Harrison 

do 

Feet. 
1,800 

2,640 
1,700 

2,942 

2,232 

l,?i4-l,918 

800 

2,100-2,800 

3,081 

2,800 

714 

Inches. 

Gallons. 

Feet. 

Oil  weU. 

(U  miles  north ).^ 

PineyFork' 

Poe  District* 

For  oil  or  gas. 
For    oil;   unproduc- 
tive 
For  oil  or  ccas. 

Point  Pleasant  (6 

miles  below).  * 
Ravens  wood  (near)'' 

Do. 

Ritchie      Court- 

Several  oil  and   gas 

wells. 
For  oil:  abandoned. 

House.* 
Ronceverte 

Salem 

Oil  wells. 

Sardis  (vicinity)' 

For  oil;  abandoned. 

Sedalia  (near)  *. 

Doddridge... 
Berkeley 

Tyler 

Larsre  gas  wrell. 

ShanirhHi  

7 

Pew. 

Sulphur  water  at  188 

Sisterville  (near) 

feet;  abandoned. 
lArere  oil  well. 

Sistersville  (21  miles 

do 

Wetzel 

do 

Roane 

...do 

Braxton  

Harrison 

lie  wis 

Doddridge... 

Monongalia.. 
do . 

1,866 

3,282 
3,106 

2,750 

1,623-2,362 

2,725 

2,750 

2,703 
2.207 

3,090 

8.112 

S.dTK) 

2.261-2,208 

1,217 

1,810 
2,700 
1,450 
2,165? 

2,401 

1,915 
1,504-1,673 

nO-1,138 

.500 
2,095 
4,500 
2,000 

2,830-2,960 

For  oil  or  gas. 
Oil  well. 

southwest).* 
Smithfleld  (near)"".. 

Smithfleld  (2  miles 

Do. 

northeast)." 
Spencer  (asylum 

farm)." 
Spencer  (about  10 

For  oil  or  gas. 

Several  oil  and  gaa 

wells. 
Oil  well. 

miles  southwest)." 
Sutton  (  ll miles 

below).'* 
Ten  Mile  District".. 

For  oil  or  gas;  unpro- 
ductive. 
Oil  well. 

Vadis  (near)  »• 

- -.._.^._» 

Do.>' 



For  oil:  unsncooaaful 

Wades  town  ( near ) '  ^ . 

...... .••- 

on  account    of 
water. 
Oil  well. 

Do.>» 

Do. 

Do." 

do 

61 

* 

Gas  welL 

Waverly    (6 miles 

Wood 

Brooke 

do 

Two  oil  wella. 

south).*  > 
Wellsburg" 

Numerous  deep  gas 
wells;  now  run.  oat. 
Gas  weU. 

Do." 

WoBton 

Lewis 

do 

For  oil ;  uii<!*ucceRRfn1 

Do 

Small  now  of  oiL 

Weston  (2  miles 

do 

do 

Tyler 

Wood 

do 

Putnam 

Ohio 

Gas  welL 

below). 
Weston  (10  mil^ 

OilwelL 

southeast). «« 
Wick  (near)" 

For  oil  or  sas. 

Willlamstown     ( 1  i 

Do. 

miles  below ).«• 
Willlamstown  (4 

Two  oil  wells. 

miles  below). '''' 
Winfield(?) 

Two  wells. 

Wheeling** 

For  oil  or  gas. 
Do. 

Wheeling  (near).  8".. 

do 

do 

Monongalia. . 

41 

Wheeling  (Smiles 

For  oil  or  gas:    un- 

east-northeast ) .  •  • 
Wordley  (near) ' » 

successful. 
Gas  weU. 

*  Record.  W.  Va.  Gteol.  Surv.,  ReT)ort,  p.  301. 
«Ibid.»p.337. 

•Record,  Pa.  2d  Geol.  Surv.,  Reports,  Vol.  P, 
p.  327. 

*  Record,  W.  Va.  Geol.  Surv.,  Reports,  vol.  1, 

pp.  273-274. 
»Ibid.,  pp.  283-284. 
•Ibid.,pp.817-:318. 
^Ibid.,  pp.  248-249. 
•Ibid.,pp,_a»:^ 
"lecoi 

857. 


.PI 
)rd. 


•  Record,  W.  Va.  Geol.  Surv.,  Report,  vol.  1.  jj 


"Ibid., p.  843. 
»' Ibid,  pp.  343-344. 
»« Ibid.,  pp.  264-266. 
"Ibid., pp.  287-369. 
'Mbid.,  269-270. 
»*  Ibid.,  p.  251. 
»«Ib4d.,  pp.  257-^68. 
"  Ibid.,  pp.  258-259, 


"  Ibid  ,  pp.  233-234. 
"•  Ibid.,  pp.  232-238. 
"•Ibid.,  pp.  230-231. 
2»Ibid.,pp.  292-2»4. 
"  Record,  Ohio  Geol.  Surv.,  Report,  1888,  Vol. 

VI,  pp.  387-339. 
^*  Record,  Pa  2d  C^eol  Surv..  Ann.  Report  for 

1886,  part  »,pp.  788-784;  W.Va.Oe.a.Surv-. 

Report,  vol.  J ,  p.  887. 
»<  Record, W.  Va.Geol.  Surv.,  Report,  vol.  I,  pp 

255-356. 
"  Ibid.,  p.  aw. 
2"  Ibid.,  pp.  290-291. 
"Ibid.,  p.  289. 
«<*  Ibid.,  p.  366. 
"Diid..  pp.  364-365. 
30  Record,  Pa  2d  Qeoh  Surv.,  Ann.  Report,  1886, 

part  2,  pp. 781-782. 
» »  Record ,  W.  Va  Geol.  Sury.,  Report,  vol,  I, pfk 

234-237, 
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PRINCIPAL  PUBLICATIONS  RELATING  TO  DEEP  BORINGS  IN  WEST 

VIRGINIA. 

West  Virjjfinia  G^ologrical  Snrvey,  Reports,  vol.  1,  by  I.  C.  White,  392  pa^es, 
Moi^antown,  18d9. 

Seventh  Report  on  the  Oil  and  Gas  Fields  of  Western  Pennsylvania  for  1887- 
1«>8,  Pennsylvania  Second  Geological  Survey,  Vol.  P,  by  J.  F.  Carll,  356  pages, 
Harrisburg.  1890. 

WI8CONSIX. 


Location. 


Berlin 

Do.... 
Bristol.... 
Brodhead 


Burlington . . 

Do 

Cass  vi  He 

Clinton 

Dale  

DeSoto 

Durand 

Durand      (5 
e>ontbeast). 
Ea.st  Troy... 

Elkhorn 

Elroy 

Fona  da  Lac 

Do 

Do 

Do.» , 

Genoa  

Oreenbay  ... 


miles 


Hartford 

Haven 

Do 

Hudson 

Independence. 

James  vllle'  .. 


Jamesville  (fair 
CTOiind). 

Kilbonm 

LaCroflse* 


Madison .. 
Marinette 


Menomonee  Falls 


MillviHe.-. 

Milwaukee  < 

Milwankee  (near)  *. 

Monroe 

Oconto 

Oil  City  • 


Onalaska. 
Oshkosh? 


County. 


Depth. 


Diam- 
eter. 


I    Yield 
I     per 
minute. 


Oreen  Lake. 

do 

Kenosha 

Green 


Racine 

do 

Grant 

Rock 

Outagamie. 

Vernon  

Pepin 

do 


Walworth . . 

do 

Junean 

Fond  du  Lac 

do 

do 

...  do  

Vernon 

Brown 


Washington . 
Sheboygan  .. 

do 

St.  Croix.... 
Trempealeau 

Rock 


.do 


Columbia . 
LaCroese. 

Dane 

Marinette. 

....do 


Grant 

Milwaukee 

do 

Green 

Oconto 

Monroe 


La  Crosse 

Winnebago . . 


Feet 
425 

450 

815 

1,000 


1,000 
800 

1,100 
650 
490 
466 
550 
402 

2,200 
1,050 
500  or  600 
750 
GOO 
480 
425 
460 
050 

820 
600 
420 
40(^-500 
438 

1,100-1,033 


±1,100 

1,320 
573 

736-«l 

716 


1,700 

487 
1.048 
1,200 
+400 
±400 

510 

450 
961 


Inches. ,  Gallons. 

6  I  40 
40 

5    

4-«  Each  150 


Height 

of 
water. 


Feet. 

+3 

+3 

-32 

+12 


Remarks. 


9 
9 
6 


6 

6 

10-6 


Many. 

Many. 

Many. 

Many. 

Many. 

126 

180 

2 


8-6    Many. 


Flows. 

-8 

Flows. 

-30 

-15 

+26 

+35 

-282 

No  flow. 

-155 

No  flow. 


Temp.  52'- 


Two  wells.  Water 
from  250-300  feet 
mainly.  Granite, 
700-1.000  feet. 
Temp.  52". 


10 
10 
10 

Mauy. 
Many. 
Many. 

-10 
-10 
-10 

6 

200 
70 

40 

-30 
+14 

-40* 

* 

-11 

^  _ 

•••• >-•• 

-12 

8 

500 

+35 

Temp.  52". 
Gooa  water. 
Do. 


Not  in  use. 

Two  wells. 

Do. 


Several 


...... 

Not  any 

No  flow. 

6'       ioo 

-16 

10 

Many. 

+5i 

4 

Many. 

+21 

8 

7 
4 

Many. 

Several 
Many. 
300 

Nearly 
to  top. 

+60 
+50 

"  450' 
Many. 

+24 

+25 

6 

284 
Many. 

To  sur- 
face. 
-4 

Temp.    53" 

wells. 
To  be  deepened. 


Well    in   bad  order; 
abandoned. 

Two  wells  and  mag- 
nesia; water  to 
+48  at  683  feet. 

Aliandoned. 


Some  lime  and  iron; 
city  supply. 
+5i   Several  wells.  Temp. 

Water  at  405  and  415 
feet  only;  granite 
at  716  feet.    Temp. 

49°. 


Temp.  50°. 

Main  body  of  water 
at  300  feet. 


Granite 
feet. 


below    700 


1  Record,  Wis.  Geol.  Surv.,  Reports,  1873-1877,  vol.  2,  p.  153. 

«IbId.,pp.iaH97. 

»  Record,  Wis.  Geol.  Surv.,  Reports.  1873-1879,  vol.  4,  pp.  60-61. 

*  Record,  Wis.  Geol.  Surv.,  Reports,  1873-1877,  vol.  2,  p.  164. 

*  Analysis,  ibid. ,  p.  164. 

*  Record.  Wis.  Geol.  Surv.,  Reports,  1873-1879,  vol.  4,  pp.  59-60. 
'  Record,  Wis.  Geol.  Surv.,  Reports,  1873-1877,  vol. 2,  p.  156. 
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WISCONSIN-Continued. 


Location. 


Oshkoflhr 


Do 

Oshkobh    (normal 

school). 
Oshkosh 


Palmyra ' . . . 
Patch  Grove 


Platteville 

Prairie  da  Chien  * 


Racine^ 

Do.... 
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Riverfalls 
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.do 
do 


do.... 
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do. 
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Douglas . 
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Waukesha I  Waukesha.. 

Westbend ,  Washington 
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tlon.'  1 

Whitewater I  Walworth  . . 


Depth. 
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605 

587 
613 

505 
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487 


1,000 
960 


1,240 

1,350 

750 

500 

400 

520 

1,475 

1,085 
9:^7 

1,040 
492 

1,700 

471 

1.145 

1,000-1,500 

1,500 

810 
1.263 

950 


Diame- 
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per 

minute. 


Heiffht 
water. 


Inchen.  Gallona. 
6  I  Many. 


5 
5 


9-6 


a^i 


Many. 
Many. 

Many. 


Several 


600 


I  Many. 

4  ;  Many. 

6  I     2,400 
8-6  200 


8-^ 
8 
4 


6 
8-6 


8 

6 
9 


200 


225 


Many. 


Many. 

eoo" 


Man 


5 


2?6 
Few. 

200 


Feet. 
-1 

-1 
-4 

-1 

-14 

-440 


+60 


+66 

+92 

-11 

-6 

-6 
-liO 
+104 


-122 
No  flow. 
No  flow. 


Remarka 


+11 
-36 
-4 
+28 
+40 

+20 


Granite     below    663 
feet. 


Several  other  similar 

wella 
Water  at    363  feet: 

oil  at  ^7  feet. 
Good     wHt«r;      two 

o  her  Rimilar  wells 

in  vicinity. 

Temp.  5t"».  Water 
slightly  salty: 
brine  at  514  feet; 
several  wells. 

Several  wells. 


No  water  below  400 
feet. 

Abandoned. 
Temp.  59*.    Plow  at 
1,340  feet. 

Water  brackish. 


Abandoned;   granite 
in  bottom. 

Temp.  47*". 
Several  wells. 

Temp.  eS'^ 
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Wisconsin  Geological  Survey,  Reports,  1873-1877,  vol.  2,  part  2,  pp.  97-405. 
Wisconsin  Geological  Survey,  Reports,  1873-1879,  vol.  4,  part  1,  98  pages. 

WYOMING. 


Location. 


Aladdin 
Almond 


Cambria^ 

Chevenne  

Clifton  (north  of) » 

Dallas 

Douglas 


County. 


Depth. 


Crook  

Sweetwater 


Feet. 
±1,000 
1,000 


Weston I  1,300 

Laramie i  1.145 

Weston '  1.0(K 

Fremont 800-1,200 

Converse '  500 


Gillette I  Crook 

HUliard Uinta 


865 


Dlam  '  Yield 
««*'••    Imtante. 

Heisrht 
water. 

Remarks. 

Inches.  <  Gallons. 

Feet. 

No  water. 

Strong  sulphnr  wa- 

ter. 
In  progress. 

Mineral  water. 
Oil  wells. 

Few. 

Flows. 
Flow. 

+20  !  Some  oil:  much  wa- 

-485 

ter. 

For  oil;  unsaoceRsfuI 

» Ibid,  p.  156. 

«Ibid..pp.lfll-162. 

»  Record,  Wis.  Geol.  Surv.,  ReDorts.  1873-1879,  vol.  4,  pp.  61-fl2. 

♦Record,  Wis.  Geol.  Surv.,  Rpts.,  1873-1877,  vol.  2,  p.  168. 

»  Record  and  analysis.  Ibid.  j).  164. 

•Record,  Wis.  Geol.  Surv.,  Rpts.,  1873-1879,  vol.  4,  p.  60. 

»  Record,  Wis.  Geol.  Surv.,  Rpts.,  1873-1877,  vol. 2,  pp.  162-163. 

« Record,  U.  S.  Geol.  Survey,  Slst  Ann.  Rept.,  1889-1900,  part  4,  p.  672. 

•Ibid.,  p.  571. 
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WYOMING-Continued. 
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Jerome  * 

Jndflon 

Laramie. 

Do 
Leach 
Moorcroft  (8  miles  ,  Crook 

northwest).              | 
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Flows. 
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9S8 
H00>1.200 

........ 

200 
400 
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Flowed 
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ful. 
Two  small  oil  wells. 

Oil  and  sulphur  wa- 
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For  oil;  unsuccess- 
ful. 

Some  oil  at  about  400 
feet. 

Some  oil. 

No  product. 

Oil  and  gas. 
For  oil;    unsuccess- 
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Several  wells. 


Water  from  466  feet. 


Oil  wells. 

Waterat358  and  1,120 
feet. 
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petrolenm  series.  Bulletin  No.  1,  47  pages,  June,  1896. 

Petroleum  of  the  Shoshone  Anticlinal,  by  W.  C.  Knight,  University  of  Wyoming, 
petroleum  series,  Bulletin  No.  2,  34  pages,  January,  1897. 

Oil  Fields  of  Crook  and  Uinta  Counties,  Wyoming,  by  W.  C.  Knight,  University 
of  Wyoming,  Petroleum  series,  BuUetin  No.  3,  31  pages,  November,  1899. 

A  Preliminary  Report  on  the  Artesian  Basins  of  Wyoming,  by  W.  C.  Knight, 
University  of  Wyoming,  Wyoming  Experiment  Station,  Bulletin  No.  45,  251 
pages,  plates,  map,  June,  1900. 

Preliminary  Description  of  the  Geology  and  Re.<^ources  of  the  Southern  Half  of 
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pp.  489-599,  plates,  maps,  Washington,  1901. 


>  Analysis, ibid., p. 571. 

'  Record, etc.,  Wyo.,  Ann-Bept-Geoloflrist,  Jan.,  1888, p. 32. 

» Record,  Wyoming  University,  Ball.  No.  1  (Petroleum  series),  1806,  pp.  18-19. 


o 


UEPABTMENT   OF   THK    INTEBIOB 


WATER-SUPPLY 


IREIGATION  PAPEKS 


UNITED  STATES  GEOLOGICAL  SURVEY 


N^o.    63 


WASHINGTON 

OOVERNMENJ    PKINTING    OFFICK 
1902 


UNITED  STATES  GEOLOGICAL  SURVEY 

CHARLKS  I}.  WALCOTT,  DIRBCTOR 


HYDROGRAPHY 


SOUTHERN  APPALACHIAN  MOUNTAIN  REGION 


P^RT    I 


By  HENRY    ALBERT  PRESSEY 


WASHINGTON 

GOVERNMENT   PKINTING   OFFICE 

1902 


CONTENTS. 


Pa«e. 

Letter  of  transmittal 0 

Introduction 

General  features  of  region 

Mountains 

Physiography 

GJeology _ 

Rivers 

Scenery _.  20 

Climate 22 

Precipitation 23 

Forests  and  lumbering 25 

Soil  and  vegetation .- 30 

Biineral  resources 33 

Highways 33 

Drainage  basins : 34 

Holston  River 36 

Physical  features  _ 36 

Rainfall 40 

Agriculture 41 

Minerals 41 

Lumber 41 

Transportation      41 

South  Fork  of  Holston  River..   -. 42 

Physical  features.. 42 

Area  drained  by  the  South  Fork  below  junction  with  the  Mid- 

dleFork 42 

Area  drained  by  the  South  Fork  above  junction  with  the  Mid- 
dle Fork. 45 

Area  between  the  South  and  Middle  forks ^6 

Rainfall 47 

Forests 47 

Minerals ..  47 

Transportation 47 

Discharge  measurements 47 

Water  powers . _ 48 

Tributaries  of  South  Fork  of  Holston  River  below  junction  with  the 

MiddleFork 53 

DiHcharge  measurements. 53 

Indian  Creek _ 54 

Dry  Creek 55 

Weaver  Creek  . .  _ _ 55 

Hatcher  Creek 55 

Morrills  Creek 55 

Sinking  Creek 56 

Thomas  Creek 57 

Riddle  and  Jon  ah  creeks 58 


6  CONTENTS. 

Drainage  basins — Continued. 

Tributaries  of  South  Fork  of  Holston  Biyer,  etc. — Continued. 

Fishdam  Creek 58 

Sharp  Creek 68 

Spring  Creek 59 

Jacobs  Creek 60 

Wolf  Creek 60 

Denton  Valley  Creek 61 

Fifteenmile  Creek   62 

Tributaries  of  South  Fork  of  Holston  River  above  junction  with  the 

MiddleFork 62 

Discharge  measurements 62 

Laurel  Fork ., 68 

Beaverdam  Creek 65 

Whitetop  Creek 66 

Bosenbaums  Creek 67 

Widner  Creek 67 

Bush  Creek 67 

Mill  Creek. 68 

Grose  Creek 68 

St.  Clair  Creek 68 

Wedstone  Creek 68 

Hogtrough  Creek 68 

Pomer  Creek 69 

Middle  Fork  of  Holston  Biver 69 

Physical  features 1 69 

Discharge  measurements.  70 

Waterpowers .. _ --.  70 

Tributaries  of  Middle  Fork  of  Holston  Biver 73 

Discharge  measurements -,  73 

Hogthief  Creek 74 

CedarCreek 74 

Halls  Creek. 75 

Huttons  Branch 75 

Chilhowie  Branch  and  Carlocks  Creek 75 

Walker  Creek 75 

Byars  Creek 75 

Hungry  Mother  Creek 76 

Staleys  Creek _ 76 

BearCreek.. 77 

Watauga  Biver 77 

Physical  features 77 

Area  lying  to  the  west  of  the  Iron  Mountains  on  the  south  side 

of  the  river .  78 

Area  lying  to  the  west  of  the  Iron  Mountains  on  the  north  side 

of  the  river 78 

Area  lying  to  the  east  of  the  Iron  Mountains 79 

Scenery 81 

Bainfall 81 

Springs 82 

Timber 82 

Minerals... 83 

Transportation 83 

Discharge  measurements 83 

Waterpowers ^ 84 


CONTENTS,  7 

Drainage  basins— Continiied.  Paige. 

Tributaries  of  Watauga  River 85 

Discharge  measurements 85 

Bnuh  Creek 87 

Sinking  Creek 87 

Bnflfalo  Creek 87 

Gtep  Creek 88 

Doe  River 88 

Little  Doe  River 88 

Laurel  Fork 89 

Stony  Creek ..  89 

Roan  Creek 89 

Doe  Creek 90 

Mill  Creek 90 

TownCreek 91 

Elk  Creek 91 

Beech  Creek 92 

Beaverdam  Creek 92 

Laurel  Creek 93 

CoveCreek  93 

Dutch  Creek 94 

Laurel  Creek 94 

Boone  Fork 94 

Index,  note  concerning 95 


ILLUSTRATIONS. 


Plate  I.  Map  of  Soathern  Appalachian  region,  showing  mountain  ranges 

and  drainasre 11 

II.  Map  showing  drainage  basins  of  the  Southern  Appalachian  Moun- 
tains and  gaging  stations  maintained  by  G^logical  Survey 14 

III.  Escarpment  of  the  Blue  Ridge  at  Blowing  Rock,  N.  C. 16 

IV.  Typical  forest-covered  mountain  side _ 20 

V.  Richland  Valley  from  Jnnaleska  Mountain,  North  Carolina 20 

VI.  Grandfather  Mountain,  North  Carolina _ 22 

VII.  Grandfather  Mountain,  North  Carolina,  from  Pixie;  Grandmother 

Mountain  in  foreground 22 

VIII.  Skyuka  Falls,  North  Carolina,  a  typical  mountain  waterfall 24 

IX.  View  in  the  Sapphire  country,  North  Carolina,  showing  smoothly 

rounded  toi>ography 24 

X.  Whiteside  Mountain,  North  Carolina 24 

XL  Poplar  forest 26 

XII.  Pine  forest .  26 

XIII.  A,  Wind-dwarfed  balsam  fir  on  Grandfather  Mountain,  North 

Carolina;  B,  Rhododendron  thicket  near  Grandfather  Mountain .  26 

XIV.  A  and  B,  Typical  mountain  homes 90 

XV.  Spring  on  Black  Mountains,  showing  dense  plant  growth 30 

XVI.  A,  View  showing  beginning  of  wash  on  mountain  side;  B,  View 

of  deforested  hillside,  showing  effect  of  erosion 82 

XVII.  Water-washed  gully  in  decomposed  gneiss,  McDowell  County, 

N.  C .- 32 

XVIII.  A,  Sand  and  clay  deposit  in  valley;  B,  Sand  deposited  upon  farm- 
ing land  by  river  flood 34 

XIX.  A,  Water- washed  country  road  in  Mitchell  County,  N.  C;  B, 

Unimproved  road  in  valley 34 

XX.  Mountain  road  near  Sprucepine,  N.  C _.  36 

XXI.  Road  in  stream  bed 36 

XXII.  Yonahlossee  road,  around  the  base  of  Grandfather  Mountain, 

North  Carolina 88 

XXIII.  Doe  River  Valley,  Tennessee _ .    88 

XXIV.  Elk  Creek,  North  Carolina 90 

XXV.  Elk  Falls  on  Elk  Creek,  North  Carolina _  90 

8 


LETTER  OF  TRANSMITTAL. 


Department  of  the  Interior, 
United  States  Geological  Survey, 

Division  op  Hydrography, 
Washington^  D.  C,  Decerriher  IS,  1901. 

Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  preimred 
b}'  Mr.  II.  A.  Pressey,  one  of  the  hydrographers  of  this  Survey,  relat- 
ing to  the  Southern  Appalachian  mountain  region.  This  is  the  out- 
come of  systematic  measurements  of  the  water  supply  from  this  area 
and  of  special  investigations  made  in  connection  with  a  general 
inquiry'^  as  to  the  importance  of  the  streams  in  the  development  of 
the  country. 

There  has  been  a  widespread  movement  for  the  acquisition  by  the 
Government  of  the  forested  lands  within  the  Southern  Appalachians 
and  the  setting  aside  of  these  as  a  reserve  similar  in  charactiCr  to  the 
great  forest  reservations  existing  in  the  West.  In  this  popular  move- 
ment Prof.  J.  A.  Holmes,  State  geologist  of  North  Carolina,  has  been 
especially  active.  He  has  been  coojKjrating  with  this  Survey  in  all 
matters  pertaining  to  the  investigations  in  North  Carolina,  and  has 
been  the  representative  of  the  State  in  arranging  for  the  disburse- 
ment of  funds  made  available  by  the  State  for  extending  the  system- 
atic work  carried  on  in  that  region.  At  his  suggestion  and  with  his 
active  assist^mce  the  surveys  and  examinations  descril)ed  by  Mr. 
Pressey  have  been  made. 

The  importance  of  a  full  knowledge  of  this  region  is  apparent  when 
we  consider  the  size  and  number  of  the  streams  issuing  from  this 
central  mountain  area.  Water-i)ower  development,  especially  in  the 
manufacture  of  cotton,  is  proceeding  rapidly,  and  there  is  no  portion 
of  the  country  for  which  definite  official  data  upon  the  water  resources 
are  more  frequently  required  than  for  this  area.  I  recommend,  there- 
fore, that  the  mat-erial  prepared  by  Mr.  Pressey  l)e  published  in  the 
series  of  Water-Supply  and  Irrigation  Pai>ers,  as  Nos.  62  and  63  of 
that  series. 

Yours  respectfully,  F.  II.  Newell, 

Hydrographer  iii  Charge. 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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HYDROGRAPHY  OF  THE  SOUTHERN  APPALACHIAN 

MOUNTAIN  REGION. 


PART    I. 


By  Henry  A.  Pressey. 


IlS^TRODUCnON. 

The  region  herein  described  occupies  portions  of  the  States  of  Vir- 
ginia, North  Carolina,  South  Carolina,  Tennessee,  Georgia,  and  Ala- 
bama. It  is  elevated  far  above  the  surrounding  country'  and  stands 
out  as  a  physiographic  unit.  Its  rivers,  topography,  and  resources 
are  describe<l  in  as  much  detail  as  the  time  available  for  field  investi- 
gation permitted. 

Special  thanks  are  due  to  Mr.  E.  W.  Myers,  resident  hydrographer 
for  North  Carolina  and  South  Carolina,  for  his  investigations  and 
very  complete  reports  on  several  of  the  drainage  areas,  the  principal 
facts  from  which  are  embodied  herein.  Messrs.  Cleveland  Abbe,  jr., 
L.  V.  Branch,  N.  C.  Curtis,  and  Ernest  Graves  were  also  engaged 
upon  tlie  reconnaissance,  and  the  success  achieved  was  largely  due  to 
their  assistance.  The  measurements  of  the  streams  to  the  south  and 
west  of  the  French  Broad  were  under  the  charge  of  Prof.  B.  M.  Hall, 
resident  hydrographer  for  Georgia  and  Alabama,  who  was  assisted  by 
Max  Hall,  W.  E.  Hall,  J.  R.  Hall,  J.  C.  Conn,  and  H.  G.  Stokes. 
The  photographs  used  for  illustrations  were  taken  by  various  mem- 
bers of  the  United  States  Geological  Survey  and  of  the  United  States 
Bureau  of  Forestry.  Pis.  IX  and  XI  are  from  photographs  by  R.  H. 
Scadin,  Pis.  XXXIX  and  XLII  are  by  courtesy  of  Prof.  J.  A.  Holmes. 

GENERAIi  FEATURES  OP  REGION. 

MOUNTAINS. 
PHYSIOGRAPHY. 

The  great  Appalachian  mountain  system  stretches  from  Maine,  in  a 
general  southwesterly  direction  for  nearly  1,300  miles,  through  the 
States  of  Vermont,  New  York,  Pennsylvania,  Maryland,  Virginia, 
North  Carolina,  South  Carolina,  and  Tennessee,  terminating  in  north- 
ern Alabama.     In  New  York  the  range  consists  of  high  hills,  the 

mountains  gradually  rising  in  elevation  in  Pennsylvania^  where  an 
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average  height  of  2,000  feet  above  the  sea,  or  1,000  to  1,500  feet  above 
the  adjacent  Cumberland  Valley,  is  reached.  At  Potomac  Kiver,  in 
the  vicinity  of  Harpers  FeiTy,  the  elevation  of  the  peaks  is  again 
reduced  to  about  800  feet.  From  the  Potomac  south  the  ranges  are 
much  higher  and  broader,  spreading  out  into  the  great  Blue  Ridge, 
the  Shenandoah,  the  Allegheny,  and  the  Greenbriar  mountains,  ranges 
with  broad,  fertile  valleys  between,  of  which  the  Valley  of  Virginia, 
or  Shenandoah  Valley,  has  a  national  reputation  for  scenic  beauty 
and  fertility.  Forty-five  miles  below  the  Potomac  is  Mount  Marshall, 
3,150  feet  high,  and  a  little  farther  south,  near  Luray,  are  Stoneymau 
and  Hawks  Bill,  4,031  and  4,063  feet  high,  respectively.  These  are 
the  highest  summits  of  the  Blue  Ridge  north  of  North  Carolina.  The 
ranges  extend  in  nearly  parallel  lines  through  the  States  of  Virginia 
and  West  Virginia,  and  enter  North  Carolina  and  Tennessee  near 
their  common  boundary,  culminating  in  the  Iron  and  the  Great  Smoky 
ranges,  which  with  numerous  cross  chains  form  the  great  mountain 
region  of  the  Southeastern  States.  In  this  mountain  mass  288  peaks 
exceed  a  height  of  5,000  feet,  and  27  peaks  have  an  elevation 
greater  than  Mount  Washington  (6,293  feet).  From  North  Carolina 
and  Tennessee  the  ranges  extend  more  to  the  westward  through 
Georgia  and  into  Alabama,  with  outlying  ranges  in  South  Carolina, 
and  are  finally  lost  in  hills  forming  the  headwaters  of  the  Gulf  di-ain- 
age.  The  general  features  of  the  southern  and  most  massive  portion 
of  the  Appalachians,  with  the  drainage,  are  shown  in  PL  I. 

This  great  mountain  system  forms  the  backbone  and  watershe<l  of 
the  eastern  part  of  the  United  States.  The  greatest  masses  and  the 
highest  peaks  are  in  western  North  Carolina  and  eastern  Tennessee, 
which  region  may  be  considered  a  high  plateau,  of  which  the  Smoky 
Mountains  form  the  western  boundary  of  the  highest  portion  anil  the 
Blue  Ridge  the  eastern  boundary.  The  latter  ridge  extends  across 
the  State  of  North  Carolina  in  a  general  northeast-southwest  direc- 
tion until  it  reaches  the  southern  border  of  the  State,  when  it  turns 
to  the  west  and  for  a  long  distance  (about  40  miles)  forms  a  part  of  the 
boundary  between  North  Carolina  and  South  Carolina,  passing  at  leug^th 
into  the  State  of  Georgia  and  meeting  again  the  Great  Smoky  Range. 
The  area  of  the  region  included  between  these  two  ranges,  which 
approaches  to  almost  a  point  at  its  northern  and  southern  extremes 
and  at  its  widest  portion  has  a  width  of  55  miles,  is  approxiniat<ely 
6,000  s(iuare  miles. 

The  most  striking  characteristic  of  the  Blue  Ridge  is  the  gi*eat  dif- 
ference in  slope  of  its  opposite  sides.  The  rivers  flowing  to  the  west 
into  ihe  Tennessee  and  the  Ohio  head  in  the  gaps  upon  the  divide  and 
for  miles  flow  in  broad,  smoothly  rounded,  drift-filled  valle3^s  l>eforv 
entering  the  narrow,  rock-cut  gorges  of  their  lower  courses,  while  the 
rivers  flowing  to  the  east  plunge  downward  in  a  series  of  caacaxless, 
falling  several  thousand  feet  in  a  distance  of  a  few  miles.     The  latter 
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streams  cnn  hardly  be  said  to  have  valleys,  but  simply  V  -shaped  gorges, 
through  which  they  tumble  and  foam  until  they  reach  the  Piedmont 
Plain,  which  extends  along  the  southeastern  base  of  the  Appalachian 
system.  The  surface  of  this  plain  has  a  general  eastward  slope  from 
an  altitude  of  about  1,000  feet  at  its  western  edge  to  250  or  300  feet  on 
the  east,  where  it  merges  into  the  Coastal  Plain. 

The  Smoky  Mountains,  on  the  western  edge  of  the  high  plateau 
referred  to,  are  extended  to  the  north  in  the  Bald  and  the  Iron 
mountains  and  to  the  south  in  the  Unaka  Range.  These  mountains 
are  much  more  massive  and  reach  far  greater  elevations  than  the 
summits  of  the  Blue'Ridge.  Many  of  their  peaks  attain  heights  of 
more  than  6,000  feet.  Unlike  the  Blue  Ridge,  their  sloi)es  are  equally 
steep  on  both  sides,  their  outlines  are  angular  and  rugged,  and 
descents  of  4,000  feet  from  the  crest  to  the  stream  bed  are  not 
uncommon. 

Several  cross  chains  connect  the  Smoky  and  Blue  Ridge  ranges, 
cutting  the  plateau  into  a  number  of  small  basins,  each  nearly  sur- 
rounded by  mountains  and  having  its  own  independent  system  of  rivers 
and  drainage,  so  that  nowhere  in  this  region  do  we  find  extended 
fertile  valleys,  as  in  Virginia  and  Tennessee,  but  instead  in  every 
direction  high  mountain  ranges  cut  off  the  view  and  give  it  the 
appearance  of  a  rocky  and  truly  mountainous  country. 

The  highest  and  most  massive  of  the  cross  chains  is  the  Black 
Mountains — named  for  their  somber  vegetation  of  balsam  and  other 
evergreens — ^which  really  consist  of  two  chains  having  a  united  length 
of  40  mQes  and  extending  in  a  northwesterly  direction  from  the  Blue 
Ridge  through  the  counties  of  Buncombe  and  Yancey  and  forming 
a  connecting  link  between  the  Blue  Ridge  and  the  Smoky  mountains. 
This  range  of  mountains  comprises  25  peaks,  18  of  which  are  more 
than  6,000  feet  in  height.  On  their  western  slopes  rise  the  eastern 
tributaries  of  the  French  Broad,  the  valley  of  which  separates  the 
Black  Mountains  from  the  Pisgah  and  the  Newfound  mountains, 
other  of  the  cross  chains,  on  the  western  slopes  of  which  rise  the 
eastern  tributaries  of  Pigeon  River.  The  western  tributaries  of  the 
Pigeon  flow  from  the  Balsam  Mountains,  a  range  having  an  average 
elevation  of  5,600  feet  and  comprising  23  summits  with  elevations 
exceeding  6,000  feet.  This  range  extends  from  the  South  Carolina 
line  to  the  Smoky  Mountains.  Still  farther  to  the  west  are  the  Co  wee 
Mountains,  with  a  mean  height  of  4,800  feet.  Rising  at  the  southern 
end  is  Yellow  Mountain,  with  an  elevation  of  5,133  feet.  The  last  of 
the  cross  ranges  to  the  west  is  the  massive  double  chain  of  the  Nanta- 
hala  and  the  Valley  River  mountains,  with  a  mean  height  of  5,000 
feet.  East  of  the  Black  Mountains  are  the  Linville  Mountains, 
through  which  Linville  River  has  cut  its  stupendous  chasm. 

The  Smoky  and  the  Blue  Ridge  mountains,  with  their  numerous 
cross  chains,  form  the  culmination  of  the  Appalachian  mountain  sys- 
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tern,  and  are  the  highest  and  most  massive  mountains  in  the  Unite 
States  east  of  the  Rockies.  Following  is  a  list  of  the  peaks  whic 
exceed  in  elevation  6,000  feet: 

Highest  peaks  in  SorUhem  Appakichians, 

> 

Smoky  Monntalns;  Feet. 

Mount  Buckley 6,5W 

Clingmans  Dome 6,660 

Mount  Love... 6,443 

MountCoUins ..  6,188 

Mount  Alexander 6,447 

Mount  Henry 6,378 

Mount  Guyot ..- 6,636 

TricoraeKnob 6,188 

Ravens  Knob 6,280 

Thermometer  Knob 6,157 

LufteeKnob 6,232 

Cataloochee  Mountain 6,159 

Roan  High  Knob 6,313 

Roan  High  Bluff 6,287 

Grassy  Ridge  (bald) 6,226 

Mount  Curtis 6,568 

Mount  Leconte 6,612 

Master  knob 6,013 

Oconee  Mountain 6,135 

Peck  Peak 6,232 

Mount  Safford 6,535 

Balsam  Mountains: 

Enoe  Plotts  Balsam 6,090 

JonesBalsam 6,234 

Rockstand  Knob 6,002 

Brother  Plott 6,246 

Amos  Plotts  Balsam 6,278 

Rocky  Face 6,031 

Double  Spring  Mountain 6,380 

Richland  Balsam 6,540 

Chimney  Peak ..6,234 

Spruce  Ridge  Top 6,076 

Reinhardt  Mountain 6,106 

Devils  Court-house 6,049 

Sams  Knob 6,130 

ColdMountain 6,000 

MountHardy _ 6,102 

JonesKnob 6,209 

Mount  Junaleska 6,223 

Rocky  Trail 6,488 

Water  Rock  Knob 6,899 

Black  Mountain 6,275 

Shining  Rock 6,040 

Rough  Butt  Bald 6,010 

Cold  Springs  Knob , 6,010 
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Black  Motintains:  Feet. 

Blackstocks  Knob  (northwest  chain) 6, 386 

Potato  Top  (northwest  chain). 6,487 

Black  Dome  (main  chain) 6,502 

MonntGribhs  (main  chain) 6,608 

Monnt  Hallback  or  Sngarloaf  (main  chain) 6,482 

Monnt  Mitchell  (main  chain) 6,711 

Balsam  Ck)ne  (main  chain) 6,6OT 

Black  Brother  (main  chain) 6,645 

Cattail  Peak  (main  chain) ^ 6,609 

Hairy  Bear  (main  chain) * 6, 622 

Deer  Mountain  (main  chain) 6, 220 

Bowlems  Pyramid  or  Celo  (main  chain) 6,351 

Locust  Mountain 6, 088 

Burnt  or  Long  Mountain 6,238 

ClingmanPeak 6,611 

Yeates  Knob  or  Big  Butt .• 6,001 

Potato  Knob * 6,419 

PattonKnob 6,079 

Oraggy  Range: 

Big  Craggy 6,106 

BullHead 6,072 

The  foregoing  t>able  shows  a  total  of  64  peaks  having  elevations  of 
6,000  feet  or  higher.  There  are  288  peaks  that  exceed  in  height 
5,000  feet,  and  the  number  that  exceed  4,000  feet  is  much  greater. 

GEOLOGY. 

For  the  following  brief  description  of  the  geology  of  the  region  the 
writer  is  indebted  to  Mr.  Arthur  Keith,  of  the  United  States  Geological 
Survey,  who  has  made  a  careful  study  of  the  Southern  Appalachians: 

"The  geologic  formations  which  underlie  this  mountain  district 
may  be  divided  into  four  large  groups.  Each  differs  widely  from  the 
others  in  age,  and  has  very  distinct  features  of  its  own.  These  broad 
differences  have  expressed  themselves  in  such  major  topographic 
features  as  the  Appalachian  Valley,  the  Appalachian  Mountains,  and 
the  Piedmont  Plateau.  Those  differences  are  also  largely  responsible 
for  the  principal  variations  in  the  character  of  the  surface  in  the 
]noiintain  district  itself. 

'*The  Appalachian  Valley  is  underlain  by  a  series  of  limestones, 
shales,  and  sandstones,  mainly  of  Silurian  and  late  Cambrian  age, 
forming  the  youngest  of  the  four  groups  in  this  region.  Small  out- 
lid's  of  these  formations  are  included  within  the  area  of  the  moun- 
tains near  the  border  of  the  Appalachian  Valley. 

*'The  second  group  occupies  the  northwestern  border  of  the  moun- 
tain district,  chiefly  northeast  of  French  Broad  River.  It  consists  of 
a  series  of  quartzites,  conglomerates,  and  shales  of  Lower  Cambrian 
age.  A  second  large  area  of  these  rocks  occupies  the  Blue  Ridge  and 
adjacent  territory  nearly  in  the  center  of  this  district 
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"The  third  group  is  of  Cambrian  age.  It  occupies  the  northwest 
border  of  the  mountain  mass,  corresponding  in  position  to  the  pre- 
vious group  but  developed  southwest  of  French  Broad  River  in  the 
Smoky  and  the  Unaka  mountains.  The  group  consists  of  conglomer- 
ates, graywackes,  sandstones,  schists,  and  slates,  and  is  called  the 
Ocoee  group.  This  and  the  preceding  two  groups  were  composed  of 
the  waste  from  older  rocks,  which  was  deposited  under  water.  The 
thickness  of  the  strata  is  approximately  the  same  in  the  Ocoee  group 
and  the  formations  of  the  Appalachian  Valley.  The  Lower  Cambrian 
quartzites  and  shales  of  the  second  group  have  only  from  one-fourth 
to  one-third  of  the  thickness  of  either  of  the  preceding  groups. 

**The  fourth  group  is  much  the  largest  of  all,  both  in  actual  bulk 
and  in  area.  It  consists  in  the  main  of  formations  of  the  Archean,  or 
oldest  known  age.  The  different  rocks  include  several  kinds  of  gran- 
ite, diorite,  nuca-  and  hornblende-gneiss,  and  various  schists,  A 
large  number  of  these  were  of  igneous  origin,  but  the  original  nature 
of  many  of  the  gneisses  and  schists  is  unknown.  Formations  also 
included  in  this  group  are  the  ancient  volcanic  rocks.  These  are 
developed  most  prominently  in  connection  witk  the  Cambrian  quartz- 
ites in  the  northeastern  part  of  the  mountain  district. 

"Much  of  the  surface  of  the  Appalachian  Mountains  is  exceedingly 
ancient.  During  the  later  geologic  periods  it  has  been  subjecte<l  to 
the  various  natural  agencies  of  destruction,  and  has  been  worn  down 
according  as  the  rocks  presented  at  the  surface  were  susceptible  to 
these  influences.  The  materials  composing  these  formations  are 
attacked  in  varying  degrees  by  solution  and  by  chemical  processes 
connected  with  atmospheric  and  underground  water.  Certain  min- 
erals— for  instance,  carbonate  of  lime — are  re^uiily  dissolved  by  natural 
waters,  and  the  rock  in  wasting  away  leaves  behind  only  the  less  sol- 
uble portions  in  the  form  of  clay.  To  this  capability  is  directly  due 
the  reduction  of  the  great  valley  below  the  level  of  the  mountain  mass. 
Other  minerals — for  instance,  feldspar — are  in  part  dissolved  and  in 
part  chemically  altered  and  decomposed  by  natural  waters,  so  that 
the  coherence  of  the  rock  which  contains  them  is  largely  <lestroye<l. 
Two  groups  in  this  region  have  a  large  proportion  of  feldspar  in  their 
make-up,  and  their  surfaces  have  been  gradually  lowered  by  its  break- 
ing down.  These  are  the  Ocoee  group  and  the  Archean  group.  A 
third  mineral,  quartz,  is  comparatively  little  changed  by  soUitioii  or 
chemical  action  near  the  surface.  Formations  made  up  in  lar^e  i>art 
of  this  mineral  retain  their  altitudes  most  persistently,  and  are  usually 
the  last  to  be  reduced.  This  composition  is  most  pronounced  in  thi- 
T^wer  Cambrian  group,  but  is  shared  also  by  the  Ocoee  group  an»i 
the  Archean  group.  Although  the  thickness  of  the  Lower  Cambriai 
quartzites  is  so  much  less  than  that  of  the  other  groups,  their  res^isit- 
ance  to  solution  has  caused  them  to  remain  upheld  in  very  higt. 
ridges  and  peaks.     To  this  are  due  the  cliffs  of  the  Chilhowee,  Camp 
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Creek,  and  Iron  mountainn,  and  the  rngged  crags  of  Grandfather.  In 
the  case  of  the  Ocoee  and  Archean  groups  their  immense  thickness 
and  the  amount  of  quartz  which  they  contain  have  maintained  the 
greatest  elevations  presented  in  this  region.  Of  this  the  mighty 
domes  of  the  Smokies,  the  Balsams,  and  the  Roan,  and  the  lofty 
peaks  of  the  Blacks  are  witnesses." 

RIVERS. 

The  region  is  well  watered.  From  it  several  of  the  larirest  rivers  of 
the  country  receive  their  supply.  The  main  divide  of  the  river 
systems  is  the  Blue  Ridge.  This  chain,  which  enters  the  State  of 
North  Carolina  in  Alleghany  County,  extends  southwest  between 
Wilkes  and  Ashe  counties  and  through  Watauga  County.  At  Grand- 
father Mountain,  which  is  at  the  junction  of  Watauga,  Mitchell,  and 
Caldwell  counties,  the  chain  turns  more  to  the  south,  following  the 
boundaries  between  Mitchell  and  Caldwell  counties  and  between 
McDowell,  Yancey,  and  Buncombe  counties,  reaching  the  State  line  in 
Macon  County.  In  this  ridge  and  its  spurs,  cross  ridges,  and  foot- 
hills many  of  the  rivers  of  the  Southeastern  States  have  their  origin. 
A  view  of  an  escarpment  of  the  Blue  Ridge  at  Blowing  Rock, 
N.  C,  near  Grandfather  Mountain,  is  shown  in  PI.  III.  The  States 
of  Virginia,  North  Carolina,  South  Carolina,  Georgia,  Alabama, 
Tennessee,  and  West  Virginia  are  partially  watered  by  rivers  rising 
in  mountains  near  the  North  Carolina  and  Tennessee  State  line.  One 
of  the  principal  upper  tributaries  of  the  Ohio  (the  Kanawha)  and  one 
of  the  largest  feeders  of  the  Mississippi  (the  Tennessee)  head  in  the 
same  mountains,  and  the  region  may  justly  be  termed  one  of  the  chief 
watersheds  of  the  United  States.  The  drainage  basins  of  the  largest 
rivers  are  shown  in  PL  II. 

Flowing  into  the  Atlantic  are  the  Yadkin,  Catawba,  Broad,  Saluda, 
and  Chatooga;  into  the  Gulf  are  the  Chattahoochee  and  the  Coosa. 
New  River  flows  to  the  north  and  enters  the  Great  Kanawha,  whose 
waters  finally  reach  the  Mississippi  through  the  Ohio  River.  Into  the 
Mississippi  flow  the  waters  of  the  Tennessee  and  its  large  tributaries — 
the  Holston,  the  Nolichucky,  and  the  French  Broad.  From  the  west- 
ern slopes  of  the  Blue  Ridge  flow  the  headwaters  of  the  great  Ten- 
nessee river  system.  This  drainage  basin  has  an  area  of  about  1,500 
square  miles  and  a  length  of  300  miles  in  North  Carolina,  and  a  fall 
of  about  1,000  feet  between  its  source  and  the  North  Carolina  and 
Tennessee  State  line.  The  Cheoah,  the  Nantahala,  the  Oconalufty, 
and  the  Tuckasegee,  all  large  streams  with  a  width  of  from  50  to  100 
yards,  join  their  waters  to  the  Tennessee,  and  after  receiving  them 
the  latter  river  flows  through  the  Great  Smoky  Mountains  in  a  narrow 
and  rocky  gorge.     The  Hiwassee  joins  it  in  Tennessee. 

All  of  the  large  streams  that  flow  to  the  west  have  the  same  general 
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characteristics,  i.  e.,  heavy,  precipitous  falls  in  the  first  portion  of 
their  courses,  then  long  even  flows,  with  but  little  fall,  across  the 
broad  plateaus,  finally  cutting  through  the  mountain  ranges  on  the 
border  line  of  North  Carolina  and  Tennessee,  where  they  have  rapid 
and  precipitous  falls,  in  some  cases  more  than  1,000  feet  in  a  few  miles. 

After  leaving  the  State  of  North  Carolina  the  Tennessee  flows  in  a 
northwesterly  direction  for  about  300  miles,  through  the  State  of  Ten- 
nessee, being  joined  by  the  Holston  and  the  Nolichucky,  tributaries 
which  carry  as  much  water  as  the  parent  stream.  The  Holston 
receives  its  southern  branches  from  this  same  mountain  region.  The 
Watauga,  one  of  the  chief  tributaries  of  the  Holston,  rises  in  the  cen- 
ter of  the  mountain  district  around  Grandfather  Mountain,  and  flows 
in  a  northwesterly  direction  through  Watauga  County,  with  the  high, 
steep  slopes  of  the  mountain  sides  on  either  hand,  and  with'f  requent 
falls  of  a  few  feet  over  its  rocky  bed.  After  flowing  through  the  Iron 
Mountains  in  a  rocky  gorge  and  entering  Tennessee  the  Watauga  is 
joined  by  Roan  and  Elk  creeks,,  which  have  drainage  areas  with  the 
same  characteristics  as  its  own.  After  the  junction  of  these  three 
streams  the  river  flows  through  Carter  and  Washington  connties, 
receiving  tributaries  on  either  side,  the  chief  of  which  are  Doe  River, 
Buffalo  Creek,  and  Stony  Creek.  About  20  miles  southwest  of  Bristol 
the  Watauga  joins  the  South  Fork  of  the  Holston,  and  farther  down, 
near  Kingsport,  the  two  forks  of  the  Holston  unite,  forming  one  of 
the  chief  rivers  of  the  State  of  Tennessee.  Near  Knoxville  the  Hol- 
ston is  joined  by  Nolichucky  River,  a  stream  but  little  smaller  than 
itself,  which  derives  its  headwaters  a  few  miles  south  of  the  source  of 
the  Watauga. 

The  Nolichucky  is  formed  by  the  junction  of  the  North  Toe,  the 
South  Toe,  and  Caney  River,  all  of  which  rise  in  the  high  mountains  of 
Mitchell  and  Yancey  counties,  on  the  western  border  of  North  Caro- 
lina. The  headwaters  of  the  North  Toe  are  separated  from  those  of 
Elk  Creek,  of  the  Watauga  drainage,  by  a  narrow  ridge.  The  North 
Toe  flows  to  the  southwest  until  its  junction  with  the  South  Toe, 
which  rises  in  the  Black  Mountains,  after  which  it  flows  in  a  westerlv 
direction  and  is  joined  by  Caney  River,  which  also  rises  in  the  Black 
Mountains  but  flows  through  a  comparatively  flat  and  open  valley, 
draining  a  large  part  of  Yancey  County.  After  the  junction  with 
Caney  River  the  stream  is  known  as  the  Nolichucky,  and  flows  to  the 
west  for  200  miles  through  the  State  of  Tennessee,  receiving  numerous 
tributaries,  the  chief  of  which  are  Lick  Creek  and  French  Broad  and 
Pigeon  rivers. 

The  French  Broad  rises  in  the  Blue  Ridge,  at  the  State  line  between 
North  Carolina  and  South  Carolina,  flows  in  a  northwesterly  direc- 
tion, at  first  with  considerable  fall,  then  enters  the  broad  plateau, 
and  with  sluggish,  even  flow  continues  its  course  westward  until  it 
breaks  through  the  Bald  Mountains.  Numerous  tributaries  are 
received  on  either  side,  all  of  which  in  their  lower  courses  have  the 
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characteristics  of  rivers  of  the  plains.  The  fall  of  the  French  Broad 
from  Brevard  to  Asheville,  a  distance  of  50  miles,  is  2.7  feet  per  mile. 
On  the  nort&  side  of  Grandfather  Mountain  are  the  headwaters  of 
the  South  Fork  of  New  River.  This  is  the  only  stream  in  this  region 
that  flows  northward.  It  drains  about  lialf  of  Watauga  and  Ashe 
counties,  and  flows  through  narrow  valleys  with  steep  mountain 
slopes  on  either  side.  After  passing  into  Virginia  it  is  joined  by  the 
North  Fork  of  New  River,  and  flows  for  100  miles  through  that  State, 
finally  entering  West  Virginia,  where  it  empties  into  the  Great 
Kanawha,  adding  its  waters  to  the  Ohio. 

From  the  southern  slopes  of  Grandfather  Mountain  and  the  ridge 
between  the  towns  of  Grandfather  and  Blowing  Rock  flow  the  head- 
waters of  the  Yadkin.     For  the  first  few  miles  the  stream  is  small  and 
the  fall  very  great,  being  through  a  rough  and  wooded  country;  but 
soon  the  river  reaches  the  vast  plateau  known  as  the  Piedmont  Plain, 
and  its  valley  opens  out  into  a  broad  and  fertile  area,  with  numerous 
branches  on  either  side,  those  from  the  south,  which  rise  in  the 
Brushy  Mountains,  being  small,  while  those  from  the  north,  which 
rise  in  the  Blue  Ridge,  are  streams  with  large  flow  and  considerable 
fall.    The  many  tributaries  add  large  volumes  of  water  to  the  Yadkin, 
and  as  it  flows  to  the  east  its  discharge  increases  rapidly,  until  by  the 
time^he  South  Carolina  boundary  line  is  reached  it  has  become  one  of 
the  largest  rivers  of  the  Southeastern  States.     It  flows  for  130  miles 
through  the  State  of  South  Carolina  under  the  name  of  Pedee  River. 
The  many  springs  on  the  southern  slope  of  Grandfather  Mountain 
join  to  form  John  River  and  Mulberry  and  Wilson  creeks,  which  unite 
about  20  miles  to  the  south  and  finally  add  their  waters  to  Catawba 
River.     The  Catawba  rises  in  the  Black  Mountains  and  flows  east, 
descending  from  the  high  mountain  sides  to  the  level  of  the  Piedmont 
Plain  in  frequent  leaps  of  from  5  to  10  feet,  and  in  one  or  two  cases 
with  vertical  falls  of  100  feet.     From  Oldfort,  in  McDowell  County,  it 
flows  through  the  heart  of  the  Piedmont  Plain,  receiving  largo  tribu- 
taries from  the  north,  notably  North  Fork,  Linville  River,  Upper 
Creek,  John  River,  ant^  Lower  Creek,  all  of  which  rise  on  the  eastern 
slopes  of  the  Blue  Ridge,  two  of  the  chief  tributaries,  Linville  and 
John,  receiving  their  headwaters  from  the  springs  on  the  slopes  of 
Grandfather  Mountain.     The  river  flows  to  the  east,  entering  Alex- 
ander County,  where  it  turns  to  the  south  and  crosses  the  South  Caro- 
lina l)oundary,  after  which  it  is  known  as  the  Wateree. 

There  are  two  rivers  in  this  region  which  differ  somewhat  in  their 
general  characteristics  from  the  streams  described,  viz,  the  Broad  and 
the  Saluda.  Broad  River  is  formed  by  the  junction  of  the  main  Broad, 
the  Green,  the  First  Broad,  and  the  Second  Broad,  and  receives  its 
headwaters  from  the  slopes  of  South  Mountain  and  the  Blue  Ridge. 
The  tributaries,  however,  soon  reach  the  flat,  open  plain,  and  uniting 
near  the  State  line  enter  South  Carolina  near  the  western  border  of 
York  County.     Farther  to  the  southwest  Saluda  River  receives  the 
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run-off  from  the  Blue  Ridge  ami  flows  for  almost  its  entire  length 
through  South  Carolina.  Tugaloo  River,  which  flows  into  the  Savan- 
nah; Oconee  River,  one  of  the  chief  streams  of  Georgia  and  a  tributary 
of  the  Altamaha;  and  the  Chattahoochee,  which  waters  in  part  the 
States  of  Georgia,  Alabama,  and  Florida,  also  rise  in  the  Blue  Ridge. 

SCENERY. 

The  scenery  of  the  Southern  Appalachian  region  is  the  grandest  in 
the  Eastern  States.  While  in  height  the  mountains  can  hardly  be  com- 
pared with  the  Rockies  or  the  Alps,  they  far  outstrip  in  height,  mas- 
siveness,  and  extent  the  mountains  of  the  Northeastern  States.  As  one 
ascends  Roan  Mountain  or  Grandfather  Mountain  or  passes  through 
Hickory  Nut  Gap  he  is  strongly  reminded  of  the  scenery  of  Switzer- 
land, and  might  well  imagine  that  he  was  on  the  Rigi  or  the  Pilatus. 

The  mountains  and  vallejs  are  covered  with  a  luxuriant  growth  of 
forest  trees,  making  one  ccmtinuous  bank  of  green  from  the  bases  to 
the  summits  of  the  highest  peaks.  (See  PI.  IV.)  With  tireless 
energy  the  rivers  have  cut  their  ways  through  the  massive  ranges  and 
formed  stupendous  gorges  with  bare,  rocky  walls  almost  vertical  and 
hundreds  of  feet  in  height.  These  gorges,  which  confine  the  wander- 
ing streams,  present  views  of  rare  grandeur  and  wonderful  beauty. 
The  charms  of  the  Linville  (see  PI.  XXXVIII,  Part  II),  the  Cran- 
berry, and  the  Watauga  can  not  fail  to  arouvse  the  wonder  and  admira- 
tion of  all  who  visit  them.  Among  the  mountains  and  adjoining 
elevated  plateaus  there  are  a  number  of  places  where  people  seek 
rest  and  recreation  during  the  hot  months  of  the  year.  The  visitors, 
however,  are  largely  from  the  Southern  States,  and  after  sx>ending  a 
summer  in  these  mountains  the  writer  can  but  marvel  that  they  have 
been  so  long  overlooked  by  the  people  of  the  Eastern  States  as  an 
ideal  place  to  enjoy  beautiful  scenery  and  exhilarating  mountain  air. 
It  can  be  accounted  for  only  by  the  fact  that  so  little  has  been  kno^m 
regarding  the  region,  and  that  it  is,  unfortunately,  rather  difficult  of 
access,  there  being  few  railroads  except  those  used  for  lumbering, 
and  the  highways  being  execrable.  These  drawbacks,  however,  are 
rapidly  disappearing,  and  the  region  would  well  repay  a  visit  from 
the  tourist  or  the  seeker  for  health. 

In  general  the  mountain  views  are  made  up  of  a  billowy  succession 
of  ridges  (shown  in  PI.  V),  the  deep  green  of  the  mountains  melting 
into  the  blue  of  the  sky  in  the  distance,  while  nearer  at  hand  q^ore 
subdued  shades  of  green  prevail,  which  in  the  valleys  below  merge 
into  the  soft,  ripe  yellows  of  the  gi*ain  fields,  with  here  and  there  a 
bare  cliff  or  an  area  of  red  soil  which  stands  out  in  sharp  contrast. 
From  the  Unakas  and  to  the  north  and  west,  where  lies  the  beautiful 
Valley  of  East  Tennessee,  the  views  are  of  a  different  character.  There 
the  inequalities  of  surface  are  almost  lost,  and  for  miles  the  eye  rests 
on  a  great  plain  dotted  with  light-colored  cultivated  areas  and  with 
green  forest  masses.     Among  the  Unakas  many  balds  occur,  of  which 


PBRBBET.]  SCENERY.  21 

Whitetop  is  one  of  the  most  conspicuous  and  those  of  the  Roan  the 
most  extensive  and  beautiful,  consisting,  as  they  do,  of  three  or  four 
peaks  extending  along  the  top  of  the  mountain  in  a  chain  about  6 
miles  long.  Dr.  Mitchell  many  years  ago  said  of  Roan  Mountain: 
"It  is  the  most  beautiful,  and  will  best  repay  the  labor  of  ascending 
it,  of  all  our  high  mountains.  With  the  exception  of  a  body  of  rocks 
looking  like  the  ruins  of  an  old  castle,  near  its  southwestern  extrem- 
ity, the  top  of  the  Roan  may  be  described  as  a  vast  meadow  without 
a  tree  to  obstruct  the  prospect,  where  a  person  may  gallop  his  horse 
for  a  mile  or  two,  with  Carolina  at  his  feet  on  one  side,  and  Tennessee 
at  the  other,  and  a  green  ocean  of  mountains  rise  in  tremendous  bil- 
lows immediately  around  him."  Some  of  the  highest  x>eaks,  however, 
are  not  bald,  but  are  covered  with  a  dark  and  dense  growth  of  balsam 
and  other  evergreens.  It  is  from  a  somber  vegetation  of  this  kind 
that  the  Black  Mountains  derive  their  name. 

From  Mount  Mitchell  a  view  into  six  States  can  be  had.  Although 
that  mountiain  is  the  highest  x>eak  east  of  the  Rockies,  the  views  from 
it  are  not  so  fine  nor  so  extensive  as  can  be  obtained  from  other  moun- 
tains of  less  elevation,  for  the  reason  that  it  is  surrounded  by  peaks 
with  altitudes  little  less  than  its  own,  while  Roan  Mountain  and  Grand- 
father Mountain  tower  far  above  their  surroundings,  and  from  them 
magnificent  views  can  be  obtained  in  all  directions. 

(rrandfather  Mountain  (shown  in  Pis.  VI  and  VII)  is  probably  the 
most  massive  of  the  Southern  Appalachians,  and  is  the  culmination  of 
the  Blue  Ridge.    The  scenery  from  it  is  unsurpassed.    For  many  miles 
range  after  range  of  mountains  spread  out  like  the  waves  of  the  ocean, 
with  opalescent  clouds  hanging  down  in  the  valleys  below.     In  spring 
and  summer  there  is  the  glint  of  the  sunshine  on  the  moist  green  of  the 
leaves.    In  autumn  the  somber  green  of  the  balsam  and  spruce  crowning 
the  summits  rises  above  the  scarlet  and  golden  glories  of  the  foliage  of 
the  hard-wood  trees,  while  in  winter  the  great  peaks  lie  cold  and  white, 
bare  and  forbidding.     At  every  turn  some  new  and  beautiful  thing  is 
offered.     Below  the  peaks  myriad  little  brawling  crystal  streams  dash 
in  fleecy  white  over  the  ledges  and  around  the  l)owlders  that  obstruct 
their  courses  (see  PI.  VIII),  or  loiter  in  still  pools  where  the  rainbow 
trout  lurk,  while  still  lower  are  the  green  valleys  hemmed  in  by  the 
great  mountains.     On  the  slopes  of  Grandfather  Mountain,  from  near 
the  summit  to  the  base,  rise  innumerable  springs  of  pure,  cold  water, 
which  uniting  form  rivulets  that  flow  over  rocky  precipices  and  are 
finally  joined  into  one  of  the  s<weral  rivera  which  flow  from  its  base. 
The  mountain  is  covered  with  a  heavy  forest  gi-owth  which  has  not  yet 
known  the  woodman's  ax.    Nearly  the  whole  of  it,  as  well  as  its  neigh- 
bor. Grandmother  Mountain,  is  owned  by  the  Linville  Improvement 
Company,  which  controls  1(),CM)0  acres  of  the  region,  largely  covered 
with  forests,  and,  fortunately,  lumbering  is  not  their  design.     The 
company  has  laid  out  a  town  site  in  the  valley  of  Linville  River,  at 
tlie  foot  of  Grandfather  Mountain,  and  intends  to  sell  small  tracts  to 
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those  who  desire  summer  homes  in  the  mountain  region.  In  order 
that  the  springs  which  give  rise  to  the  streams  on  Grandfather  Moun- 
tain may  not  be  disturbed,  1,400  acres  have  been  set  aside  as  a  public 
park,  under  five  commissioners,  one  of  whom  is  the  State  geolo^st 
and  another  the  commissioner  of  agriculture  of  North  Carolina. 

The  general  contour  of  the  mountains  in  the  Southern  Appalachian 
region  is  gentle,  with  smoothly  rounded  outlines  (see  PI.  IX),  although 
occasionally  sharp  peaks  are  seen  and  here  and  there  immense  pi-eci- 
pices  are  brought  into  view,  especially  in  the  southern  portion  of  the 
region,  as  at  Whitioside  Mountain,  one  side  of  which  presents  a  sheer 
face  of  naked  rock  1,800  feet  in  height.     (See  PL  X.) 

CLIMATE. 

As  has  been  stated,  the  Blue  Ridge  may  be  considered  the  great 
water  divide.  The  mountain  region  lies  to  the  north  and  west,  while 
on  the  east  is  the  Piedmont  Plain.  The  effect  of  the  increased  alti- 
tude upon  the  climate  is  apparent.  The  high  plateau  may  be  said  to 
have  cooler  summers  and  moi'e  severe  winters  than  the  lower  lands 
adjacent,  the  air  is  drier  and  more  salubrious,  the  summer  months 
are  remarkably  pleasant,  the  temperature  varying  somewhat  with  the 
altitude,  but  never  too  cold  for  comfort  on  even  the  highest  mountain 
peaks.  By  choosing  the  proper  locality  one  can  obtain  an  average 
temperature  corresponding  to  that  of  northern  New  England  or  to  the 
warmer  temperatures  of  the  South  Atlantic  States.  The  mean  annual 
temperature  varies  from  nearly  60°  F.  at  Salisbury,  east  of  the  moun- 
tains, to  49°  F.  at  Linville,  the  latter  being  about  the  mean  annual 
temperature  of  Boston  and  Chicago.  On  the  mountain  slopes  the  mean 
annual  temperature  is  still  lower.  The  seasonal  temperatures  of  the 
mountain  region  are  approximately  as  follows:  Spring,  56°;  summer, 
73°;  autumn,  57°;  and  winter,  40°.  The  following  table  gives  the 
average  monthly  temperature,  the  mean  annual  temperature,  and  the 
seasonal  temperatures  as  observed  at  the  Weather  Bureau  stations  in 
the  mountain  region : 

Temperature  observations  in  Southern  AppaUichian  Mountains  during  J900, 


Average  monthly  temperature. 

'1: 

station. 

Jan. 

Feb. 

Mar. 

Deg. 
44.9 
48.1 
50.0 
45.1 
38.4 
43.6 
36.8 

Apr. 

May. 

June. 

Deg. 
70.8 
74.8 
74.8 
70.2 
»34.1 
66.6 
64.5 
73.8 
70.0 
72.8 
72.0 
68.5 

July. 

Deg. 
74.6 
79.4 
79.9 
73.4 
67.6 
71.6 
67.2 
79.0 
76.6 
78.2 
75.8 
71.8 

Aug. 

Bept. 

Deg. 
69.9 
76.4 
76.0 
70.4 
■63.6 

eo.4 

63.1 
74.0 
71.7 
75.2 
b60.6 
67.2 

Oct. 

Nov. 

De<'. 

Biltmore 

Deg. 
36.1 
41.4 
41.0 
36.6 
32.8 
88.4 
30.3 

Deg. 
34.3 
39.  .5 

;».5 

34.6 

:».6 

35.5 
29.0 

Deg.  1  Deg. 
56.2     63.9 

Deg. 
74.8 
81.9 
81.5 
75.4 
68.1 
74.4 
67.6 
HO.O 
77.6 
80.1 
76.5 
71.4 

Deg. 
50.8 
65.2 
61.8 
62.6 
56.2 
60.4 
64.3 
62.1 
61.9 
63.3 
61.2 
58.4 

Deg. 
47.^ 
62.0 
52.4 
50.0 
45.3 
40.6 
43.6 
60.0 
48.7 
51.2 

Deg, 
39.4 
4S.6 
43.1 
40.5 
35.8 
4aft 
34.0 
41.4 
3H.8 
41.5 

«lo 

Charlotte 

Henrietta 

Henderson  ville . . 

Highlands 

Horse  Cove 

Linville 

59.6 
60.0 
54.4 
51.0 
56.0 
48.0 

68.0 
68.3 
63.4 

58.4 
62.8 
55.6 

eoL8 

60. » 
S^3 
51.0 
55,7 
49.5 

Morsranton    . . . 

Mount  Airy 

Marion... 

37.0 

38.8 
33.8 
35.2 

35.6 
30.2 
34.6 
36.1 

42.6 
46.8 
43.2 
43.6 

55.8 
57.8 
54.6 
52.6 

62.4 
66.6 
64.2 
61.0 

5&« 
SBlO 

Marshall 

Waynes  vllle 

44.0 

37.5 

53.9 

•  Record  for  three  days  missing. 


^  Record  for  six  days  missing. 
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Temperature  obgervatums  in  Southern  Appalachian  Mountains,  etc. — Continued* 


Station. 


Biltmore 

Charlotte 

Henrietta 

Henderson  Yille 

Highlands 

Horse  Cove  ,..! 

LinviUe 

Morganton 

Mount  Airy ... 

Marion 

Marshall 

Wayuesville  ... 


Seasonal  temperatures. 


I 


De 


fea, 

66.0 

56.9 

60.4 

64.0 

49.3 

64.1 

46.8 


53.6 
57.1 
54.0 
62.4 


& 


:3 

OQ 


"^ 


4 

78.7 
78.7 
73.0 
6616 
70.9 
66.4 
77.6 
74.7 
77.0 
74.8 
70.6 


0 


De 


feg, 

69.0 

64.6 

64.4 

61.0 

66.0 

59.8 

53.7 

ffiS.3 

60.8 

63.  S 


66.5 


a 


De 


feg. 

36.6 

41.2 

41.2 

37.2 

33.1 

38.2 

31.1 


87.1 
38.8 


d 


i 


o      / 
36"i8' 


36.3 


35  5 

36  0 
36  5 
36  45 
36  30 
85  30 


I 

d 


35    29 


80    51 


83  25 

83  6 

81  51 

81  44 
80  40 

82  6 


82    58 


I 


Feet. 


806 


3,817 
2,800 
3,800 
1,135 
1.048 
1,425 


2.756 


MS 
dg 

1-3 


Yt^arB. 

2 

22 


1 

16 
6 
4 
0 
10 
6 


Highlands,  the  highest  station,  is  3,817  feet  in  elevation,  while  several 
of  the  mountiain  ranges  and  peaks  reach  altitudes  of  from  5,000  to 
6,000  feet,  and  their  temperatures  are  lower  than  those  given  in  the 
table.  The  following  table  gives  the  temperature  extremes  at  a  num- 
ber of  observation  stations: 

Temperature  extremes  in  Southern  Appalachian  region. 


station. 


Asheville 

Chapel  Hill 

Greensboro 

Highlands 

Horse  Core 

Lenoir 

Morganton 

Moant  Airy 

Mount  Pleasant 

Murphy 

SalisDury 


§ 

el 
o 


Feet 
2.260 

600 

843 
3,817 
2,800 
1,186 
1,133 
1,048 

650 
1,614 

760 


d 


Tra 

23 

41 
15 
15 
6 
26 
10 
10 
12 
12 
13 


Highest  month-  Lowest  month- 
ly mean.       i       ly  mean. 


u 
«  «e 


Deg. 

74.8 

82.2 
b2.d 
70.9 
74.4 
77.7 
80.0 
77.1 
79.1 
76.9 
82.0 


Date. 


9  d> 

85 


July,18T9 

July,  1896 

do... 

July,  1878 
July,  1803 
July,  1877 
July,  18b8 
July,  1872 
Aug.,18U6 
July,  1878 
July,  1883 


Date. 


Deg. 

27.2 

28.4 
32.3 
24.4 
28.5 
27.3 
26.4, 
26.2 
29.9 
28.5 
33.0 


Jan.,  1803 

Jan.,  1857 
Dec,  1876 
Jan..  1893 
...do... 
....do.... 

do  — 

do... 

do  — 

Dec,  1876 
Jan.,  1893 


Highest  observed. 


0)  ffi 

AC 


Deg. 

95 

105 
101 
86 
93 
95 
KID 
98 
98 


1(J2 


Date. 


Sept.  15, 1897 


Aug. 

Aug. 

June 

Sept. 

July 

Sept. 

Sept. 

June 


10,1892 
10,1896 
-,1891 
15, 1897 
18, 1887 
16, 1897 
28,1891 
29,1889 


Aug.  10, 1806 


Lowest  observed. 


li 
as 

jD  «e 


Deg. 
■-  9 

-  1 
6 

-17 
-13 
■16 

-  1 
^15 

-  4 


Date. 


5 


I  Jan.  16,1898 
[Feb.  8,1895 
Jan.  16,1893 
Jan.  28,1897 
Feb.    8,1895 

Do. 
Dec  —,1880 
Jan.  16,1893 

Do. 
Jan.  21,1898 

Feb.  21,1896 


*  Minus  sign  indicates  temperature  below  7^ro. 


PRECIPITATION, 


The  annual  rainfall  is  copious,  larger  than  anywhere  else  in  the 
United  States  except  on  the  northwestern  coast,  in  Oregon  and  Wash- 
ington. As  might  be  supposed,  it  varies  considerably  in  different 
parts  of  the  high  regions.  The  warm,  moist  winds  from  the  east  and 
south  are  deflected  upward  by  the  Blue  Ridge,  causing  a  cooling  and 
consequent  precipitation.  In  this  way  the  yearly  rainfall  is  greatly 
increased  on  the  slopes  of  those  mountains.  At  Highlands,  in  Macon 
County,  the  annual  normal  precipitation  is  about  72  inches  and  at 
Horse  Cove  about  73  inches.     West  of  the  Blue  Ridge  the  annual  rain- 


24 


SOUTHERN    APPALACHIAN    MOUNTAIN    REGION,  PT.   I.       [Ko.e2. 


fall  is  much  less  in  the  valley  bottoms  between  the  mountain  ranges. 
For  instance,  a  long  record  at  AsheviUe  gives  a  normal  rainfall  of 
about  42  inches,  the  smallest  of  any  record  of  the  mountain  region. 
The  normal  at  Waynesville,  in  Haywood  County,  is  46  inches.  The 
average  precipitation  of  the  whole  region  may  be  considered  to  be 
approximately  53  inches.  The  following  table  gives  the  monthly, 
annual,  and  seasonal  precipitation  for  1900: 

Precipitation  in  Southern  Appalachian  region  during  1900. 


Station. 

Monthly  precipitation. 

Hean 

Jan. 

In. 

8.36 

2.36 

2.41 

2.8ft 

2.L5 

8.31 

Feb. 

Mar. 

In. 
4.92 
6.53 

2.87 
7.33 

Apr. 

In. 
4.89 
4.18 
8.31 
4.67 

May.  June. 

1 

July. 

Aug.  Sept. 

Oct 

In. 
8.73 
2.92 
3.07 
2.87 
3.41 
2.29 
8.17 
4.10 
4.16 
6.00 
8.68 
13.40 

Nov. 

Dee. 

annoal. 

Abshera 

AsheviUe  

Blltmore 

Bryson  .- 

In. 

7.60 

4.67 

6.90 

7.72 

In. 
2.93 
0.99 
1.87 
1.21 

V.  Jo 

8.11 
7.91 
6.31 
7.31 
6.30 

In. 

7.43 

1.99 

2.10 

2.88 

3.66 

2.25 

In. 

4.14 

2.64 

0.52 

4.48 

3.06 

2.61 

In. 
6.46 
3.39 
2.51 
3.02 
0.73 
2.01 

In. 

5.15 

4.<B 

3.34 

4.80 

3.85 

4.04 

a87 

8.47 

6.27 

5.08 

6.94 

4.47 

In. 

a46 

3.80 
4.76 
4.35 
4.811 

aoo 

4.9B 
3.10 
7.53 
6.67 
3.96 

In. 

67.13 

44.05 

40.71 

8SL9I) 

Charlotte 

Cherry  ville 

Flatrock    . 

6.26     6.28 

7.01  1  5,65 

18.24  !  6.06 

5.32     2.11 
7.65     3.34 

1. 

46.34 
31.25 

Henderson  ville . . 

Henrietta 

Highlands 

Horse  Cove 

Linville 

3.94 
3.09 
5.H2 
4.28 
2.63 

10.10     6.76  '  8.06  '  3.83 
10.60     6.29  i  6.77  >  2.92 
13.84  1  7.10   10.30     1.67 
12.98  :  7.10     8.83    2.28 
6.34     7.60     6.51     2.17 

8.79 

6.99 

19.29 

19.92 

7.07 

5.75 
2.79 
8.04 
0.43 
3.99 

1.53 
1.45 
1.96 
3.36 
3.70 

aao 

1.06 
4.99 
6.74 
4.42 

•4.11 
i&56 
91.46 
96.16 
61.35 

Maria 

2.13     6.17     4.()8 

Marion 

Marshall 

3.50     9.22 
1.26     4.07 

6.66 
3.60 

9.70     1.96 
2.62     1.46 

io.sit 

8.33 
8.56 
4.87 
5.97 

"8.87" 
4.81 
6.57 

3.52 
1.49 
8.52 

2.70 
2.09 
2.50 

8.48 
3.63 
4.12 

9.69 
8.51 
4.04 

4.04 
2.25 
3.10 

4.74 
8.09 
3.38 

69.  i9 
38.  C» 

MountAiry 

Mount  Pleasant . 

2.36 
2.11 

4.00 
6.68 

<5.60 
8.07 

•3.67 
4.84 

l.Og 
2.53 

43.76 

Morgan  ton 

2.66 
2.88 
4.04 
3.63 
2.48 
3.55 

1.16 
2.07 
2.78 
1.79 
8.05 
2.25 

2.10 
2.06 
8.19 
].00 
8.66 
2.49 

8.20 
8.(H 
5.19 
1.90 
2.90 
2.12 

2.26 
3.81 
5.22 
2.10 
3.  OR 
8.57 

4.40 
3.  SB 
6.45 
6.35 
4.51 
4.06 

Mocks  ville 

Murnhy 

3.40  j  4.88 
8.56     tf.46 

6.18 
7.07 
5.02 
3.a) 
6.00 

4.68 
4.83 
4.98 
4.30 
6.41 

3.13 
2.19 
4.12 

2.40 

38- i« 

Salisbury 

Settle 

3.22 

2.82 

4.62 
6.34 

4:).s:l 
44.  £> 

Waynesville 

2.38 

6.97 

1.01 

7.64 

48-47 

Station. 


Abshers 

AsheviUe 

Biltmore 

Bryson 

Charlotte 

Cherry  ville 

Flatrock 

HondersonviUe  . 

Henrietta 

Highlands 

Horse  Cove 

Linville 

Maria 

Marion 

Marshall 

Mount  Airy .   . . 
Mount  Pleasant. 

Morgan  ton 

Mo<*ks  ville 

Murphy 

Salisnury 

Settle 

Waynesville 


Seasonal  precipitation. 


bo 

a 


In. 
12.74 
10.70 

7.55 
13.21 
12.71 
16.64 


17.65 
14.96 
18.97 
18.21 
15.28 


u 

9 

a 

a 

p 

CO 


In. 
20.85 
12.64 
10.53 
13  67 
13.01 
11.25 


a 

p 

P 
< 


16.07 
11.23 
20.28 
32.71 
14.76 


In. 
10.34 
10.98 

0.S2 
10.60 

7.09 

8.84 


11.87 
10.47 
16.02 
21.81 
22.29 


In, 

14.20 

10.39 

18.11 

15.33 

11.73 

15.12 


6 

5 


19.02 
18.88 
27.19 
28.98 
11.92 


35    37 


35    27 
35    13 


35    16 


9 

5 


82    30 


83    23 
80    51 


82    25 


86  5 
%  0 
36     5 


83  25 
83  6 
81    51 


a 
o 

9 


FteL 


2,2S0 

2,150 

2,000 

806 


2»214 
2.l«7 


3.817 
2,800 
3.800 


Yean. 


a* 

ic 


6 
1 


15 
6 
4 


18.31 

7.n 

8.19 
9.94 


16.72 
12. 51 
14.68 


17.21 

9.30 

11.26 


17.56 
8.42 
9.78 


1.425 


5 


36    30 
85    28 


80    40 
80    28 


9.77 


13.99 
14.09 
14.12 
10.00 
13.42 


15.69 
10.12 
11.95 
13.44 


7.56 
8.43 
13.60 
5.60 
0.6:i 
8.18 


11.10 
15. 45 
14.09 
12  67 
13.43 


35    51 

:»    8 

35      4 


80  84 
84  0 
80    29 


1,048 
850 

i.ias 

651 

1,614 

760 


35    20 


82    68 


2.756 


10 

It 

9 

4 

20 

13 

2 

4 


•Partly  estimated. 


Heavy  rains  occur  at  short  intervals,  which  with  the  steep  slopes 
cause  rapid  increase  in  the  flow  of  the  streams  for  a  day  or  a  few 
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hours,  when  thfe  rivers  as  rapidly  fall  to  their  normal  stage.  Floods 
are  frequently  caused  by  the  heavy  rains.  It  is  exceedingly  diffi- 
cult, however,  to  obtain  measurements  of  the  extreme  high  waters, 
for  unless  one  is  near  the  station  at  the  time  the  water  rises  the  river 
falls  before  he  can  reach  there.  A  rainfall  of  7.39  inches  was  recorded 
at  Salisbury  on  June  10,  1883,  and  6.01  inches  at  Highlands  on  Feb- 
ruary 8  and  9,  1891. 

There  is  considerable  snowfall  during  the  winter  months  of  the 
year,  the  average  annual  snowfall  at  a  few  stations  being  as  follows: 
Asheville,  16  inches;  Highlands,  22  inches;  Lenoir,  11  inches;  and 
Mount  Airy,  12  inches. 

Tlie  following  table  gives  the  greatest  and  least  monthly  precipitation : 

Table  sthoicing  greatest  and  least  monthly  precipitation  in  Southern  Appalachian 

region. 


Station. 

Eleva-  Length 
tt^"*-    ro<SJrd. 

Greatest  monthly 
precipitation. 

Least  monthly 
precipitation. 

Highest 
monthly 
average. 

Lowest 
monthly 

Amount. 

Date. 
July.  1874 

Amount. 

Date. 

average. 

Asheville 

Feet.    ,  Years. 

2,250            23 

808  !         22 

3,817            15 

3,800             6 

1,186  1         26 

1,135.         10 

1.048  I         10 

660            12 

760            13 

Inches. 
•11.40 
11.13 
20.20 
17.02 
11.50 
11.21) 
10.38 
10.27 
16.14 

Inches. 
a  21 

Oct.,    1895 
Nov.,  1890 
May.  1883 
Oct.,    1892 
Nov..  18fiO 
Oct.,    1893 
Nov.,  1890 
Oct.,    1892 
Nov.,  1890 

Per  cent. 
143 
126 
135 
136 
133 
129 
147 
142 
128 

Per  cent. 
74 

Charlotte 

Highlands 

Horse  Cove 

I^enoir _ 

Mar..  1891  .         0.23 
Feb.,   1891  ;         0.25 
June,  1892           0.62 
May.   1873           0.0(1 

74 

79 
38 
78 

Morgan  ton 

Mount  Airy 

Mount  Pleasant 
Salisbury 

Apr.,  1878 

July,   1889 

Aug.,  1887 

do 

0.20 
0.17 
0.28 
0.13 

67 

60 
66 
67 

FORESTS  AND  LUMBERING.^ 

Nearly  the  whole  of  these  mountains  was  once  covered  with  a  mag- 
nifieent  gn)wth  of  timber,  which  owing  to  its  inaccessibility  was  long 
sj)ared  the  wocKlman's  ax.  Now,  however,  since  the  forests  of  the 
North  and  the  West  have  l>een  denuded,  the  lumbering  element  has 
til  mod  its  attention  to  the  Southern  Appalachians,  and  the  vast  for- 
ests there  are  rapidly  disappearing.  Railroads  have  penetrated  the 
inount.ains,  and  mills  large  and  small  have  been  locatecl  in  the  forested 
areas.  One  great  railroad  traverses  the  heart  of  the  region,  with  a 
branch  from  Asheville  through  Macon  and  Cherokee  counties.  Lines 
liave  also  l)een  constructe<l  up  Doe  and  Nolichuky  rivei'S,  and  a  number 
of  other  lines  have  been  surveyed,  some  of  which  will  probably  be  built 
within  a  few  yeai*s.  Wherever  a  railroad  is  construct-fMl  the  neigh- 
boring timl)er  soon  disappears,  in  consequence  of  the  cheaper  trans- 
port;ation.  Most  of  the  large  mills  are  steam  sawmills,  and  they  are 
moved  deeper  into  the  forests  as  the  suppl}'^  of  timlx^r  in  their  imme- 
diate vicinity  is  exhausted,  tlie  railroads  being  extended  to  them. 
Near  the  rivers  the  logs  are  splashed  down  the  streams  to  the  timber 


•  There  is  record  of  a  greater  amount  than  this^  but  it  is  not  considered  quite  trustworthy. 

^  I>tiring  the  Emmmer  and  f all  of  1900  extensive  investigations  of  the  forests  of  the  Southern 
ApiMlachian  region  were  made  by  the  United  States  Bureau  of  Forestry,  Gifford  Pinchot, 
forester. 
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pens  of  the  mills  below,  thus  saviug  the  cost  of  railroad  transporta- 
tion or  long  hauls  over  rough  and  steep  roads.  Splash  dams  are  con- 
structed which  hold  back  the  water  in  drj'^  seasons  and  float  the  logs 
over  the  rocky  beds  of  the  streams. 

Notwithstanding  the  inroads  that  have  been  made  on  these  forests, 
nowhere  in  the  United  States  is  there  an  equal  area  of  land  covered 
with  so  great  a  variety  of  valuable  timber.  The  walnuts,  tuli^ks 
(poplars),  and  oaks  grow  to  almost  incredible  size  (see  PI.  XI).  In 
many  localities  white  pine  occura  in  large  tracts,  growing  to  great 
heights  (see  PI.  XII)  and  furnishing  as  fine  lumber  as  any  of  the  pine 
forests  of  the  country.  Near  the  summits  of  all  of  the  higher  moun- 
tains the  only  growth  is  the  balsam.  Most  of  these  ti-ees  are  exposed 
to  the  cold  and  wind,  and  for  that  reason  are  small  and  twisted  (see 
PI.  XIII,  A),  but  where  protected  they  grow  to  large  size,  especially 
in  the  Craggy  and  the  Smoky  mountains.  Numerous  varieties  of 
rhododendrons  grow  on  the  slopes  of  many  of  the  mountains,  forming 
an  almost  impenetrable  jungle.  During  the  flowering  se^ison  these 
present  a  most  l)eautif ul  appearance,  being  often  a  mass  of  blossoms 
stretching  as  far  as  the  eye  can  reach  in  everj'^  direction.  Grand- 
father Mountain  is  particularly  rich  in  this  growth  (see  PL  XIII,  B), 
the  chief  species  being  Rhododendron  rnaxiviuray  Rhododendron 
caiatvhiensey  and  Rliododendron  vaseyL 

Although  the  region  still  has  the  finest  hard-wood  forests  in  the  coun- 
try, the  large  tracts  of  wild  cherry  and  black  walnut  which  once  flour- 
ished have  entirely  disappeared,  aud  the  mills  are  now  sawing  cheaper 
lumbers,  such  as  oak,  white  pine,  ash,  and  poplar.  Not  many  years 
ago  the  supply  of  walnut  was  so  abundant  that  old  mountaineers  tell 
of  splitting  rails  from  walnut  logs  and  of  burning  or  allowing  to  rot 
the  walnut  stumps  which  to-day  would  bring  immense  sums  from 
veneering  factories.  The  unfortunate  feature  of  this  lumbering  is 
that  there  is  no  discrimination  in  the  cutting.  All  of  the  trees,  large 
and  small,  are  felled,  and  if  found  not  suitable  for  immediate  use 
they  are  allowed  to  rot  on  the  ground.  In  many  places  the  luml)er 
companies  are  recutting  areas  which  have  once  been  gone  over,  and 
are  denuding  them  of  even  the  smallest  trees.  Some  of  the  companies 
saw  anything  that  will  make  a  plank.  In  the  case  of  the  bark  gath- 
erers the  wastefulness  is  particularly  deplorable.  These  men  fell 
the  trees — chiefly  chestnut,-oak  and  hemlock — for  the  bark,  and  after 
stripping  them  make  no  attempt  to  use  the  timber.  Every  year  hun- 
dreds of  cords  of  bark  are  hauled  from  these  mountains,  and  each 
load  means  that  some  giant  of  the  forest  lies  useless  on  its  native 
soil.  Near  the  railroads  it  is  profitable  to  saw  the  timber  and  haul 
it  to  the  station,  but  the  natives  find  that  they  can  strip  the  trees  and 
haul  the  bark  much  farther  than  they  can  afford  to  haul  the  timber. 
It  is  a  mournful  sight  to  see  these  immense  trees  lying  where  felled, 
of  no  use  to  anybody,  simply  marking  the  wanton  wtistef  ulness  of  man. 
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Lumbering  on  a  large  scale  has  been  carried  on  for  only  a  few  years, 
but  in  addition  to  the  large  steam  mills,  which  are  moved  deeper  into 
the  forest  as  the  timber  in  their  vicinity  is  exhausted,  every  little 
creek  now  has  one  or  two  small  water-power  sawmills  cutting  from 
500  to  5,000  feet  a  day.  Dry  kilns  are  built  and  planers  are  put  in  so 
that  the  mills  can  turn  out  finished  lumber.  Although  by  the  old 
methods  fearful  inroads  were  made  on  the  forests,  so  thorough  is  the 
denudation  by  the  new  mills  that  it  will  not  take  them  many  years  to 
exhaust  all  of  the  timber  that  is  worth  sawing. 

The  four  largest  lumber  plants  operating  in  this  secti^on  are  the 
Watauga  Lumber  Company,  on  Watauga  River;  the  Empire  Com- 
pany, in  the  Shady  Valley;  the  Ritter  Company,  at  Pineola,  on  Lin- 
nlle  River;  and  a  new  company  with  main  yards  at  Huntsdale,  Tenn., 
m  the  Nolichucky. 

The  Watauga  Lumber  Company  owns  almost  all  of  the  timber  in 
t-he  Watanga  Valley.  They  have  built  five  splash  dams  for  the  pur- 
pose of  floating  logs  down  to  their  mill.  Two  of  these  dams  are  on  the 
main  river,  one  at  ShuUs  Mill  and  the  other  just  above  the  mouth  of 
Beaverdam  Creek.  On  Beaverdam  Creek  there  is  a  splash  dam  about 
2  miles  from  the  mouth,  and  during  the  summer  of  1900  the  company 
removed  much  of  the  timber  from  the  lower  part  of  the  Beaverdam 
Valley.  About  6  miles  up  Laurel  Creek  they  have  another  splash 
lam,  and  are  now  cutting  the  timber  in  that  region.  The  fifth  dam  is 
)ii  Elk  Creek,  just  below  the  big  falls.  They  have  not  commenced 
umbering  there  yet,  but  they  own  all  of  the  timber.  At  Shulls  Mill 
.he  company  has  built  a  tramroau  up  in  the  mountains  to  haul  their 
logs  to  the  river.  They  cut  only  the  white  pine  and  the  poplar, 
because  of  the  distance  the  logs  have  to  be  splashed.  They  now  have 
thousands  of  logs  all  along  the  river  from  Shulls  Mill  to  their  mill 
below  Elizabethton. 

The  Empire  Company  started  work  in  the  Shady  Valley  during  the 
mmmer  of  1900.  They  have  put-up  a  large  mill  and  timber  pen  on 
Beaverdam  Creek,  and  later  will  put  in  a  drj'  kiln.  The  mill  is  to  be 
run  by  steam.  The  Holston  Valley  Railix)ad  is  being  built  from 
Abingdon,  Va.,  for  the  purpose  of  getting  this  lumber  out.  The  rail- 
road follows  down  the  South  Fork  of  Holston  River  to  the  mouth  of  the 
Laurel  Fork,  then  up  the  Laurel  Fork  and  Beaverdam  Creek.  This 
is  considered  one  of  the  finest  timber  regions  in  the  mountain  section, 
consisting  mostly  of  white  pine  and  spruce,  with  a  very  little  hard 
woo<l,  mostly  chestnut.  The  land  being  very  fertile,  the  trees  have 
^own  to  great  size,  being  nearly  100  feet  to  the  first  limb.  Up  to  the 
present  time  the  timber  in  this  valley  has  been  almost  untouched,  on 
account  of  the  long  haul  over  the  mountains  to  a  railroad. 

The  Ritter  Company,  at  Pineola,  has  had  its  mill  in  operation  about 
a  year.  It  is  run  by  steam,  and  has  a  capacity  of  50,000  feet  a  day. 
Their  timber  pen  is  on  Linville  River,  and  the  logs  are  brought  to  it 
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by  a  narrow-gage  railroad,  which  also  carries  the  timber  to  Johnson 
City,  Tenn.,  by  way  of  Cranberry,  N.  C.  The  tract  of  this  company, 
which  contains  some  very  fine  white  pine,  extends  from  Pineola  to 
Linville  Falls,  on  both  sides  of  Linville  River,  and  incliides  most  of 
the  timber  on  Jonas  Ridge. 

The  Ohio  River  and  Charleston  Railroad  has  been  constructed  from 
Johnson  City,  Tenn.,  up  the  valley  of  Nolichucky  River  as  far  as  the 
mouth  of  Caney  River,  and  a  large  lumber  yard  and  shipping  point 
have  been  established  at  Iluntsdale,  Tenn.  A  number  of  steam  saw- 
mills have  also  been  built  on  the  slopes  of  the  Black  Mountains. 
These  mills  are  temporary  structures  and  will  be  moved  from  point 
to  point  to  avoid  long  hauls  of  the  logs.  The  lumber  is  hauled  to 
Huntsdale  for  shipment.  Huntsdale  has  sprung  up  on  the  banks  of 
the  Nolichucky  like  a  western  mining  town,  and  is  not  yet  on  map;' 
of  the  region.  The  owners  expect  to  extend  the  railroad  very  soon. 
It  is  said  that  they  have  bought  1,000,000  trees  and  are  still  increas- 
ing their  purchases. 

Several  other  companies  are  doing  considerable  lumbering.  A  com- 
pany in  Bristol  has  built  a  railroad  to  transport  timber  frond  the 
mountains  south  of  Bristol  across  the  South  Fork  of  Holston  River. 

The  many  wood- working  establishments  on  the  Tennessee  side  of 
the  mountains  use  considerable  lumber,  and  close  to  the  railroa^l  on 
that  side  much  soft  wood  is  cut  for  the  pulp  mills  in  Bristol  and  other 
places. 

Despite  the  great  inroads  on  the  forests  in  this  region,  many  large 
areas  have  not  been  touched.  The  timber  near  the  tops  of  all  of  thi* 
higher  and  steepc^r  ridges  still  remains.  This  is  particularly  notice- 
able in  the  area  between  the  South  Fork  of  Ilolston  River  and  the 
Watauga,  where,  except  in  the  Shady  Valley,  which  is  no^w  bein*^ 
cleared,  all  the  timber  that  could  easily  be  reached  is  gone,  and  only 
that  at  the  tops  of  the  steepest  mountains  remains.  Three  especially 
large  areas,  however,  have  not  been  cut,  namely.  Grandfather  Moun- 
tain, the  Black  Mountains,  and  the  long  strip  of  land  on  both  8ide> 
of  Linville  River.  Grandfather  Mountain  is  owned  by  the  Liinville 
Improvement  Company,  and  it  is  not  likely  that  they  will  i)erinit  any 
lumbering.  The  variety  of  trees  in  this  area  is  greater  than  in  tLe 
other  regicms,  being  hard  woods  near  the  base  of  the  mountain  and  fir 
near  the  summit.  The  Black  Mountains  have  escaped  the  Inniber- 
man  only  because  of  the  difficulty  of  removing  the  logs  and  getlini: 
the  lumber  to  market.  Since  the  completion  of  the  Ohio  Ri\-er 
and  Cliarlestown  Railroad  to  Huntsdale,  however,  several  mills  bar** 
started  work  around  the  bases  of  those  mountains,  and  it  will  not  \^ 
long  before  the  timber  is  cut  well  up  the  sides. 

On  both  sides  of  Linville  River,  from  just  below  Linville  to  Beec-l* 
Bottom,  there  is  a  very  large  strip  of  land  containing  exceptionally 
tine  timber  which  has  net  .been  cleared  of  even  the  most  valuabit 
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tixjes.  The  upper  end  of  this  strip,  however,  is  owned  by  the  Ritter 
C'Ompany,  and  they  are  clearing  the  area,  as  already  mentioned. 
Their  tract  extends  from  just  below  Linville  nearly  to  Linville  Falls, 
and  contains  some  e8i)ecially  fine  whit«  pine.  The  next  strip,  extend- 
ing f i*oni  a  half  mile  al>ove  the  falls  to  3^  miles  below  them  on  each 
side  of  the  river,  and  containing  51,000  acres,  is  owned  by  the  Mor- 
ganton  Improvement  Company.  The  next  lower  area,  running  down 
the  river  to  Beech  Bottom,  belongs  to  the  Cheever  Improvement  Com- 
pany. The  two  latter  tracts  are  very  rich  in  white  pine,  poplar,  ash, 
oak,  hemlock,  spruce,  and  the  linn  or  linden. 

Three  railroads  have  been  surveyed  to  run  through  this  district — 
one  from  Bristol  to  Lincoln  ton,  another  from  Cooks  Gap  to  Lenoir, 
and  the  third  from  CoUettsvllle,  on  John  River,  to  Cranl)erry,  to  con- 
nect with  the  narrow-gage  railroad  running  to  Johnson  City,  Tenn. 
If  these  railroads  are  built  the  timber  in  the  vicinity  will  soon  be  cut, 
leaving  the  ground  bare,  as  it  is  along  the  other  roads. 

The  unfortunate  feature  of  the  lumbering  is  that  the  ground  is 
completely  stripped  of  trees  and  then  is  left  without  cultivation. 
The  slopes  are  often  too  steep  for  successful  farming,  and  in  many 
places  the  top  soil  is  washed  off  and  the  hillsides  become  more  or  less 
gullied  by  the  water  rushing  down  the  mountains. 

Great  as  has  been  the  havoc  wrought  by  the  lumberman,  his  part 
in  the  forest  destruction  has  been  small  when  compared  with  that  of 
the  clearing  of  the  land  for  agricultural  purposes  and  with  forest  fires. 
Too  often  the  farmer,  instead  of  trying  to  improve  the  soil  in  the 
valley,  makes  additional  clearings  on  the  mountain  sides.  Owing  to 
the  steepness  of  the  slopes,  the  productiveness  of  the  hillside  fields  is 
short  lived.  After  the  trees  have  been  girdled  and  the  underbrush 
destroyed  the  land  can  be  planted  in  corn  for  one  or  two  yeai*s,  then 
in  grain  for  a  year,  and  then  in  grass  for  one  or  two  years,  after  which 
it  can  be  used  as  pasture  land  for  a  year  or  two,  until,  with  increasing 
barrenness,  the  grass  gives  place  to  weeds  and  the  weeds  in  turn  to 
gullies. 

Forest  fires  have  been  one  of  the  great  curses  in  the  Southern 
Appalachians,  as  elsewhere  in  the  country.  They  were  of  frequent 
occurrence  in  the  days  of  Indian  occupation.  Thus  they  have  pre- 
ceded the  lumberman,  have  accompanied  him,  and  have  followed  in 
his  wake,  and  their  work  has  been  rendered  far  more  destructive  by 
the  lumberman  leaving  brush  scattered  among  the  remaining  growth 
in  such  a  way  that  in  the  burning  it  has  fed  the  fires. 

In  some  regions  fires  have  entirely  destroyed  the  forests,  especially 
where  the  soil  was  thin  and  composed  largely  of  humus.  The  burn- 
ing of  the  humus  has  resulted  in  the  remaining  soil  being  soon  washed 
away,  leaving  the  trees  standing  on  the  bare  surface  of  rock  to  dry 
out  and  die.  In  other  places  fires  have  destroyed  the  undergrowth 
and  the  larger  trees  have  been  burned  near  the  roots  in  such  a  way 
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as  to  cnuHQ  their  destruction.  Repeated  fires  in  the  undei^rowth 
have  exterminated  the  grasses  and  other  forage  plants  over  lanf<* 
areas,  so  that  instead  of  improving  the  x>asturage,  which  is  frequently 
the  object  of  stjirting  the  fires,  the  result  has  been  in  the  (bourse  of 
yeare  its  almost  tot*il  destruction. 

That  the  burning  of  the  humus  and  undergrowth  in  the  forests  seri- 
ously affects  the  flow  of  the  streams  anyone  who  has  been  in  a  forest 
during  a  heavy  rain  storm  will  admit.  In  the  virgin  forest  the  rain- 
drops are  caught  by  the  underbrush  and  pass  downward  through  tht' 
humus  into  the  less  porous  soil  and  the  rock  fissures  beneath,  to  reap- 
pear weeks  and  months  later  in  the  form  of  numberless  springs.  But 
where  the  underbrush  and  humus  have  been  burned  away  much  h»ss 
water  soaks  into  the  soil,  most  of  it  flowing  down  the  surface  with  a 
velocity  varying  with  the  slope,  washing  the  soil  into  small  furrows 
and  gullies,  causing  the  rapid  accumulation  of  the  water  into  brooks, 
and  resulting  in  floods  in  the  larger  streams  in  the  valleys  below. 

In  New  England  and  many  of  the  Northern  States  the  numerous 
lakes  and  glacial  deposits  of  sand  and  gravel  spread  out  over  the  bills 
and  valleys  of  that  region  serve  as  a  storehouse  for  the  water  and 
materially  assist  the  forest  cover  in  preserving  unif onnity  in  the  flow 
of  the  streams.  Indeed,  they  would  accomplish  much  in  that  direc- 
tion were  the  forest  cover  entirely  removed.  But  in  the  Southern 
Appalachian  region  there  are  no  lakes  and  no  glacial  gravels  an<l 
sands,  hence  the  water  storage  depends  entirely  upon  the  forest'^ 
and  the  soil. 

SOIL  AND  VEGETATION. 

Besides  the  actual  reduction  of  the  earth's  surface  according  as  the 
rocks  differ  in  susceptibility  to  atmospheric  agencies,  the  region  has 
been  profoundly  affected  by  the  soils  which  the  rocks  have  prodiietHl. 
for  on  the  soils  the  character  and  amount  of  the  vegetation  are  largely 
dependent. 

The  soil  is  naturally  deep  and  fairly  fertile  even  to  the  mountain 
tops,  while  the  valleys,  which  have  been  cleared,  are  remarkable  for 
their  fertility.  In  the  valley  of  each  little  mountain  stream  can  Ix- 
seen  the  small  cabins  of  the  mountaineers,  who  cultivate  the  narrow 
tracts  of  land  close  to  the  river  and  often  attempt  agriculture  on  the 
steep  slopes  of  the  mountain  sides.  PL  XIV  gives  views  of  two  char- 
acteristic mountain  homes.  In  these  houses  the  natives  live  on  from 
generation  to  generation,  seemingly  without  desire  for  cliange  or  l)et- 
terment.  When  the  eldest  son  is  married  he  is  given  a  portion  of  hi> 
father's  land,  which  he  in  turn  attempts  to  clear  and  cultivate,  man- 
aging to  eke  out  a  scanty  existence,  and  being,  like  his  forefathers, 
well  satisfied  with  his  surroundings  and  his  condition  in  life.  Fruits 
and  vegetables  grow  abundantly  and  to  large  size,  and  would  no  doubt 
be  cultivated  much  more  were  it  not  for  the  lack  of  means  of  transjwr- 
tation.     The  entire  region  is  well  adapted  to  stock  raising,  which  i& 
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one  of  the  chief  industries.  Years  ago  General  Clingman  wrote: 
"Horses  ^nd  horned  cattle  are  usually  driven  out  into  the  mountains 
about  the  first  of  April  and  brought  back  in  November.  Within  six 
weeks  after  they  have  thus  been  put  into  the  range  they  become  fat 
and  sleek.  There  are,  however,  on  the  top  and  along  the  sides  of  the 
higher  mountains  evergreen  and  winter  grasses  on  which  horses  and 
homed  cattle  live  well  through  the  entire  winter.  Such  animals  are 
often  foaled  and  reared  there  until  fit  for  market,  without  even  seeing 
a  cultivated  plantation."  This  custom  of  turning  the  stock  loose  on 
the  mountains  still  continues;  and  in  recent  years  considerable  atten- 
tion has  been  given  to  fine  stock  breeding. 

Many  varieties  of  shrubs  and  flowering  plants  abound,  and  the  region 
should  prove  a  Mecca  for  botanists.  PI.  XV  (a  view  on  the  Black 
Mountains)  will  give  an  idea  of  the  great  variety  of  ferns  and  plants 
with  which  the  mountain  slopes  are  covered.  In  the  foreground  is 
one  of  the  cool  springs  for  which  the  region  is  noted. 

According  to  Mr.  Arthur  Keith,  of  the  U.  S.  Geoloi^ical  Survey, 
"the  moist  atmosphere  is  conducive  to  the  rapid  decay  of  the  rocks, 
which  break  up  chiefly  under  the  attack  of  rain,  frost,  the  roots  of  the 
trees,  the  underground  waters,  and  organic  acids.  At  first  decay  works 
in  along  the  various  partings,  resulting  in  the  loosening  of  large  masses, 
which  gradually  become  smaller,  until  finally  nothing  is  left  of  them 
except  clay  and  the  more  obdurate  bits  of  rock.  The  rocks  reach  the 
surface  over  only  very  small  patches,  while  in  places  the  disintegra- 
tion attains  a  depth  as  great  as  50  feofc.  On  sloping  surfaces  the  loose 
material  is  maintained  in  its  place  solely  by  friction.  When  this  is 
lessened  or  overcome  from  any  cause,  the  residual  matter,  be  it  clay 
or  rock  fragments,  slides  down  the  slope  until  the  friction  is  again 
sufficient  to  retain  it  in  one  position.  Thus  are  formed  immense 
deposits  washed  down  from  steep  slopes  and  accumulated  in  the  hol- 
lows and  flatter  places.  This  material  gradually  works  its  way  down- 
hill, as  it  is  pushed  along  by  the  freezing  of  the  water,  or  is  rendered 
more  unstable  as  the  water  transforms  it  into  mud.  Eventually  it 
finds  its  way  into  the  streams  and  is  carried  by  slow  stages  into  the 
sea. 

**The  chief  agent  which  checks  this  process  of  removal  is  the  forest 
cover,  even  though  the  penetrating  roots  and  the  acids  due  to  vegeta- 
tion induce  rock  decomposition.  These  same  roots,  however,  hold 
the  loose  material  in  place  and  check  its  tendency  to  slide  downhill. 
With  this  assistance  loose  soils  are  upheld  on  slopes  fully  double  those 
which  they  could  maintain  unaided.  Besides  this  direct  hindrance  to 
the  waste  of  slopes  by  increased  friction,  the  action  of  the  forests  is  as 
great  in  another  way.  Loose  material  is  washed  downhill  during  rain 
storms  by  even  the  tiniest  rivulets.'*     In  open  fields  these  gather  in  a 

*P1.  XVI,  Ay  shows  the  starting  of  snch  a  wash  in  a  deforested  area  and  iUnstrates  the  way  in 
which  this  wash  is  checked  by  the  growth  of  trees  liigher  on  the  mountain  side.    H.  A.  P. 
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few  minutes,  and  form  deeper  and  deeper  channels  with  each  sut*- 
ceeding  storm,  finally  removing  the  loose  material  down  to  the  l>art» 
rock.  This  process  is  almost  prohibited  by  the  network  of  rools  and 
the  cover  of  leaves,  both  living  and  dead,  and  the  water  concentrates 
into  rivulets  by  seeping  through  the  soils  so  slowly  that  it  carries  no 
sediment.  The  waters  finally  drain  off  in  the  hollows  and  small 
streams  whose  channels  have  been  fitted  by  long  use  to  withstjind 
the  attacks  of  rushing  water. 

"  Countless  illustrations  of  this  process  can  be  seen  during  any  rain 
storm.  Streams  which  drain  considerable  areas  of  cleared  land  ris4' 
fast  and  become  turbid  with  mud.  Those  which  drain  areas  protectt*<l 
by  forests  rise  much  more  slowly,  and  by  comparison  the  water  could 
be  called  clear,  except  in  violent  storms.  This  result  is  of  course 
most  striking  at  the  very  headwaters,  the  little  streams  rising  in  tlie 
fields  and  in  the  woods.  The  effects  of  this  work  are  seen  in  the  innu- 
merable gullies  which  gash  fields  left  to  the  elements  for  any  time.  In 
fact,  unless  checked  by  the  most  constant  attention  these  gullies  s<)on 
strip  off  the  soil  and  clay  and  ruin  the  fields.*  In  the  forests,  on  the 
other  hand,  one  rarely  sees  a  slope  of  soil  not  covered  with  vegetation, 
and  it  is  only  along  the  immediate  banks  of  the  streams  that  raw 
slopes  of  loose  material  are  exposed.  In  short.,  in  this  region  of  dcfp 
residual  soils  the  infiuence  of  the  forest  is  paramount.  It  is  a  fact 
well  known  among  the  mountaineers  that  the  soils  are  far  more  fertile* 
when  firet  cleared  from  timber  than  ever  again.  It  is  equally  w*-!! 
known  among  the  farmers  along  the  river  bottoms  that  the  sann^ 
crops  have  been  planted  there  with  equal  success  for  scores  of  years. 
These  latter  soils,  however,  are  refreshed  from  time  to  time  by  thi" 
overflowing  waters,  which  have  swept  off  fertile  materials  from  the 
steeper  slopes  above.  The  natural  fertility  of  the  mountain  soils  is 
very  great,  as  is  abundantly  shown  by  the  dense  and  luxuriant  fon^si 
growth.  The  pristine  strength  of  the  soil  soon  wanes  in  the  clearings, 
however,  and  there  ensues  a  loss  which  is  permanent  for  at  least  a 
generation.  To  convince  one's  self  of  the  existence  of  this  condition 
it  is  only  necessary  to  visit  the  region. 

*'In  addition  to  the  loss  inflicted  by  forest  cutting  upon  the  ste^^p 
slopes  themselves  great  damage  also  results  to  the  lands  lying  farth<*r 
down  the  streams.  The  deep  clays  and  underlying  rocks  form  a  kind 
of  gigantic  sponge  which  stores  up  water  during  its  plenty.  When 
the  forests  are  stripped  away  the  waters  collect  and  run  off  with  vastly 
greater  speed,  and  much  evaporates,  so  that  not  only  is  less  stortni 
up,  but  the  discharge  is  more  irregular  and  temporary.  Destruc- 
tive floods  result  and  droughts  are  wider  spread.  Thus,  viewed  from 
the  standpoint  either  of  utility  or  beauty,  these  unrivaled  forests  an^ 
the  keystone  of  the  arch." 

During  high  floods  the  rivers  carry  enormous  quantities  of  sand  and 
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clay  washed  from  the  mountain  sides.  This  material  is  deposited  in 
great  beds  upon  the  cultivated  lands  along  the  rivers  below  (see  PL 
XYUI,  A  and  JS),  making  future  tilling  impossible  and  ruining 
immense  areas  of  arable  land. 

Inasmuch  as  the  rivers  are  chiefly  dependent  upon  their  headwaters 
for  supply  it  is  impossible  to  overestimate  the  importance  of  preserv- 
ing the  forest  cover  on  the  mountain  sides. 

MINERAL  RESOURCES. 

No  effort  will  be  made  to  describe  in  detail  the  mineral  resources  of 
the  region.  The  geological  survej^S  of  the  various  States  and  of  the 
United  States  have  published  considerable  literature  on  that  subject, 
and  further  studies  of  it  are  now  being  made.  Stated  briefly,  corun- 
dum abounds  in  certain  localities.  The  mica  of  Yancey  and  Mitchell 
counties  is  widely  known  as  among  the  best  in  the  world,  the  deposits 
being  so  extensive  as  to  furnish  a  large  part  of  the  world's  supply. 
In  a  number  of  counties  iron  occurs  in  large  quantities,  and  copper 
and  other  minerals  have  been  mined  to  some  extent.  In  the  descrip- 
tions of  the  various  drainage  areas  mention  will  be  made  of  the  more 
important  mineral  resources  of  specific  localities. 

»  HIGHWAYS. 

The  highways  of  the  region  are  bad,  having  steep  grades  and  being 
I)oorly  surfaced.  In  many  localities  practically  no  work  is  put  on  the 
roads,  and  during  certain  seasons  of  the  year  they  become  almost 
impassable  to  wagons.  This  is  largely  due  to  the  neglect  of  the  inhab- 
itants, for  in  most  parts  of  the  mountain  districts  excellent  road  mate- 
rials exist,  and  with  proper  care  and  intelligence  the  highways  could 
be  maintained  in  good  condition  at  moderate  expense.  Upon  the 
mountain  sides  the  rain  water  is  allowed  to  run  in  the  road  bed,  soon 
washing  out  great  gullies  and  exposing  the  rocks,  so  that  a  horse  is 
obliged  to  pick  his  way  from  side  to  side  with  great  care  and  the  rider 
to  be  constantly'  on  the  alert  to  prevent  accident.  Such  a  road  is 
sliown  in  PL  XIX,  A,  The  highway  from  Marion,  N.  C,  to  Spruce- 
pine,  illustrated  in  PI.  XX,  is  a  typical  mountain  road  of  this  region 
over  which  a  wagon  q:?m  pass,  but  with  difficulty.  In  many  cases,  in 
order  to  avoid  cutting  a  road  on  the  slopes  of  the  mountains,  the 
stream  bed  is  used  as  a  highway,  although  usually  exceedingly  rough 
and  at  the  time  of  high  water  dangerous  to  the  traveler.  PL  XXI 
illustrates  a  road  bed  which  has  for  years  been  used  as  a  highway. 
Farther  down  the  river  valleys,  where  clays  are  more  prevalent,  the 
roads  are  often  exceedingly  muddy,  it  being  a  common  occurrence  for 
the  wagons  to  sink  hub  deep  into  the  mud.  (See  PL  XIX,  2^.)  There 
are  a  few  remarkable  exceptions,  however,  as,  for  example,  the  toll 
road  from  Linville  around  the  base  of  Grandfather  Mountain  to  Blow- 
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ing  Rock,  known  as  the  Yonahlossee  road  and  shown  in  PI.  XXII,  and 
the  road  between  Blowing  Rook  and  Boone,  both  of  which  are  excellent 
in  grade  and  surface  and  show  what  can  be  done  when  the  materials 
at  hand  are  used  with  skill. 

DRAINAGE  BABINS. 

In  the  course  of  the  examination  of  the  watersheds  and  the  general 
investigation  of  the  flow  of  the  streams  in  the  Southern  Appalachian 
region  which  were  carried  on  during  the  summer  of  1900,  many  meas- 
urements of  flow  were  made  on  the  larger  streams  and  on  most  of 
their  upper  tributaries,  the  resuks  of  which  are  contained  in  this 
report.  ITie  small  Price  meter  was  used  in  making  measurements. 
There  being  few  bridges  in  the  region  most  of  the  measurements  were 
made  by  wading.  It  was  therefore  impossible  to  make  gagings  of 
many  of  the  streams  at  the  time  of  high  water. 

In  some  respects  the  season  was  peculiar.  Rain  was  abundant  dur- 
ing June  and  the  streams  were  moderately  high  during  the  early  i>urt 
of  the  summer.  Later,  however,  very  little  rain  fell,  and  most  of  X\w 
rivers  and  their  tributaries  were  at  an  extremely  low  stage,  as  low,  in 
fact,  as  they  have  been  for  a  number  of  years.  An  effort  was  made 
to  make  more  than  one  measurement  at  the  same  point  on  each  stre^im. 
When  the  first  measurement  was  made  a  bench  mark  was  established, 
and  the  relative  height  of  the  water  surface  was  measured  at  each 
successive  gaging.  Examinations  were  also  made  for  high-water 
marks,  and  when  the  annual  fluctuations  of  a  stream  could  be  deter- 
mined they  were  noted.  By  means  of  these  data  a  knowledge  of  the 
flow  of  the  streams  at  various  stages  and  of  the  relation  that  exists 
between  the  rise  of  the  streams  and  their  discharge  can  be  obtained, 
though  of  course  the  only  definite  information  we  have  is  the  discharge 
at  the  time  of  measurement. 

On  the  larger  streams  gaging  stations  were  established,  as  is  the 
custom  of  the  Survey,  the  height  of  the  water  surface  being  read  daily 
on  the  gage  and  recorded  by  a  local  observer,  and  the  measurements, 
which  were  made  as  often  as  practicable,  being  referred  to  the  same 
gage.  With  these  data,  a  curve  was  plotted,  using  the  gage  readings  a> 
ordinates  and  the  stream  discharge,  in  cubic  feet  per  second,  as 
abscisssB.  From  this  curve,  the  mean  of  the  daily  gage  readings 
being  known,  the  approximate  daily  discharge  was  interpolated.  This 
method  is  described  in  detail  in  the  annual  reports  of  the  Survey  and 
in  Water-Supply  Paper  No.  56. 

The  great  difficult}^  encountered  at  these  stations,  which  are  on 
mountain  streams,  was  to  obtain  measurements  at  the  time  of  high 
water.  After  a  rain  the  rivers  rise  rapidly,  and  as  they  fall  as 
quickly,  unless  a  person  is  near  the  station  the  high  water  will  have 
passed  befoi»e  he  can  reach  the  point  of  measurement. 
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The  following  is  a  list  of  the  gaging  stations  established  in  the 
basin: 

Gaging  stations  established  during  1900  on  streams  in  Southern  Appalachian 

region. 


Streain. 


^6T7  Rlvop 

South  Fork  of  New'  River  '.'.'.. 

North  Fork  of  New  River 

Yadkin  River 

Catawba  River 

John  River . 

Linville  River 

Broad  River 

South  Fork  of  Holston  River. 

Watauga  River 

Roan  Creek 

Elk  Creek 

Nolichucky  River 

Pisreon  River 

French  Broad  River 


Location. 


Date  estab- 
lished. 


Oldtown.Va 

Now  River,  N.C 

Weaversford,  N.C 

Siloam.N.C... 

Morganton,  N.  C 

Bridgewater,  N.C 

Dellinger,  S.  C 

Bluff  C)ity,  Tenn 

Butler,  Tenn 

do 

Lineback.  Tenn 

Chucky  Valley,  Tenn . 

Newport,  Tenn 

Oldtown,  Tenn , 


1900. 
August  5. 
July  29. 

l>o. 
August  3. 
June  10. 

Da 
July  3. 
August  IV). 
July  17. 
August  11. 

Do. 
August  5. 
September  20. 
Septc'mber  4. 

Do. 


Besides  the  foregoing  stations,  which  were  established  during  the 
sumrnerof  1900,  the  following  gaging  stations  have  been  maintained  for 
s(»veral  years  upon  streams  flowing  from  the  Southern  Appal acliian 
Mountains: 

Regular  gaging  stations  of  the  Geological  Survey  on  streams  flovnng  from  the 

Southern  Appalachian  Mountains, 

New  River  at  Radford,  Va.,  and  at  Fayette,  W.  Va. 

James  River  at  or  near  Glasgow,  Bnchanan,  Cartersville,  and  Holcomb 

Rock,  Va. 
Roanoke  River  at  Roanoke,  Va.,  and  at  Neal,  N.  C. 
Dan  River  at  South  Boston,  Va. 
Staunton  River  at  Randolph,  Va. 
Yadkin  River  at  Salisbury  and  Norwood,  N.  C. 
Catawba  River  at  Catawba,  N.  C,  and  at  Rockhill,  S.  C. 
Broad  River  (of  the  Carolinas)  near  Alston,  S.  C.  « 

Saluda  River  at  Waterloo,  S.  C. 
Tallulah  River  at  Tallulah  Falls,  Ga. 
Tugaloo  River  near  Madison,  S.  C. 

Savannah  River  near  Calhoun  Falls,  S.  C,  and  at  Augusta,  Ga. 
Oconee  River  near  Dublin,  Ga. 

Chattahoochee  River  at  Oakdale  and  at  West  Point,  Ga. 
Coosa wattee  River  at  Carters,  Ga. 
Oostanaula  River  at  Resaca,  Ga. 
Coosa  River  at  Rome,  Ga.,  near  Riverside,  Ala.,  and  at  locks  Nos.  4 

and  5,  Alabama. 
Toccoa  River  near  Blueridge,  Ga. 
Nottely  River  at  Ranger,  N.  C. 
Hiwassee  River  at  Charleston  and  Reliance,  Tenn.,  and  at  Murphy, 

N.C. 
Tennessee  River  at  Chattanooga  and  Knoxville,  Tenn. 
Little  Tennessee  River  at  Judson,  N.  C. 
Tuckasegee  River  at  Bryson,  N.  C. 
Frf  neh  Broad  River  near  Asheville,  N.  C. 
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These  stations  cover  every  stream  rising  in  the  Southern  Appala- 
chian Mountains.  Results  of  measarements  will  be  found  in  the 
annual  reports  of  the  Survey. 

HOLSTON  RIVER. 
PHYSICAL   FEATURES. 

The  areas  drained  by  Ilolston  River  comprise  the  basins  of  the  Nortli, 
South,  and  Middle  forks  of  that  stream,  the  Watauga,  the  Nolicbucky, 
and  the  French  Broad,  including  i)arts  of  southwestern  Virginia, 
eastern  Tennessee,  and  western  North  Carolina.  The  river  is  one 
of  the  largest  of  the  streams  which  form  the  great  Tennessee  River. 
It  rises  along  the  western  slopes  of  the  Blue  Ridge,  in  Smyth  and 
Bland  counties,  Va.,  in  three  forks,  known  as  the  North,  Middle,  and 
South  forks,  respectively-  The  North  Fork,  from  its  position,  receives 
no  tributaries  rising  within  any  of  the  areas  proi)osed  for  the  pro- 
jected Appalachian  National  Park,  and  for  that  reason,  in  view  of  the 
veryjarge  area  necessary  to  be  covered  during  the  field  season  and 
the  limited  time  in  which  to  perform  the  work,  it  was  not  investigated. 
The  areas  drained  by  the  Middle  and  South  forks  were  quite 
thoroughly  studied,  and  many  direct  instrumental  measurements 
were  made  of  their  flow  and  of  the  flow  of  all  streams  tributary  to 
them  whose  discharge  was  sufficiently  great  to  admit  of  the  use  of  a 
current  meter,  the  minimum  limit  being,  ix)ughly,  a  little  less  than  1 
cubic  foot  per  second,  depending  largely  on  the  form  and  character  of 
the  bed  of  the  stream. 

The  phj'sical  conditions  of  the  drainage  basin  vary  greatly,  the 
character  of  the  country  ranging  fi'om  the  gently  rolling  plain  of  the 
South  and  Middle  forks,  with  its  smooth,  rounded,  and  grass-coven^d 
hills,  to  the  grandest  and  mightiest  mountain  masses  to  be  found  e«ist 
of  the  Rocky  Mountains,  such  as  the  ITnakas  and  the  Black  Mountains, 
with  their  numerous  peaks  rising  more  than  6,000  feet  above  sea  level, 
and  with  steep  and  rocky  slopes  still  clad  in  virgin  forest.  There  axv 
wide  variations  in  the  soil  and  in  the  general  geologic  conditions  and 
structure,  considerable  variation  in  temperature  and  rainfall,  and  still 
wider  variations  in  the  character  of  the  streams  of  the  area,  which 
include  the  brawling  mountain  torrents  fed  by  perpetual  springs,  the 
puny  wet-weather  streams  of  the  slate  country,  and  the  subterranean 
streams  of  the  limestone  regions.  The  entire  area  is  part  of  the  great 
Mississippi  slope,  of  which  the  eastern  boundary  is  formed  by  thi* 
Blue  Ridge  Mountains,  on  which  all  of  the  streams  of  this  area  rise, 
those  of  Virginia  flowing  to  the  southwest,  through  the  great  Valley 
of  East  Tennessee,  those  from  North  Carolina  flowing  to  the  north- 
west, through  the  Unakas,  in  grand  and  deep  gorges  and  down  the 
valley  slopes  to  their  union  with  the  main  stream. 

The  Uuaka  chain,  the  most  prominent  natural  feature  within  the 
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area,  is  a  lon^  range,  the  most  massive  of  the  Appalachians,  its  high 
crests  forming  the  boundary  between  North  Carolina  and  Tennessee. 
It  is  for  the  most  part  one  single  ridge,  but  occasionally  it  spreads 
out  into  a  series  of  from  two  to  four  parallel  ridges.  The  chain  is  con- 
tinuous except  that  it  is  intercepted  by  the  deep  and  rocky  cuts  of  the 
tributaries  of  the  Holston  and  the  Tennessee.  In  Virginia  it  unites  with 
the  Blue  Ridge.  It  forms  large  parts  of  Johnson,  Carter,  Washington, 
Greene,  Cocke,  and  Unicoi  counties  in  Tennessee.  In  Johnson  County 
the  ridges  lie  in  such  a  manner  as  to  completely  encircle  the  great 
cove  of  the  county,  and  in  Carter  County  they  nearly  inclose  tlie 
valleys.  It  has  been  said  that  the  chain  is  a  belt  of  parallel  ridges, 
but  in  most  of  the  Tennessee  part  of  it  the  ridges  are  two  in  number, 
one  being  the  main  axis  of  the  chain,  the  other  lower  and  lying  along 
the  foot  of  the  slope,  though  generally  separat-ed  from  the  main  range 
by  long  coves.  This  typical  character  does  not  always  hold  good, 
however,  the  greatest  departure  being  in  the  country  to  the  northeast 
of  French  Broad  River. 

In  the  northeastern  corner  of  the  State,  north  of  Watauga  River,  in 
Johnson  and  Carter  counties,  the  Unakas  divide  into  three  distinct 
ranges  separated  by  wide  and  beautiful  valleys.  Seen  from  some 
points  these  ridges  appear  parallel,  but  in  reality  they  are  conver- 
gent toward  the  north,  and  near  the  Virginia  Jine  the  Holston  and 
the  Iron  mountains,  the  most  western  of  the  divei'sions,  converge,  and 
farther  on,  in  Virginia,  the  two  ranges  unite  in  the  long  chain  known 
as  the  Iron  Mountains.  The  most  easterly  of  these  three  ranges  is  the 
Stone  Mountains,  a  long  series  of  crowded  ridges,  along  the  crest  of 
which  runs  a  portion  of  the  State  line,  extending  from  south  of  the 
Watauga  and  culminating  in  the  grand  and  conspicuous  summit  of 
Whitetop.  The  middle  range  is  the  Iron  Mountains,  a  long,  straight 
ridge  extending  through  Johnson  and  Carter  counties — a  portion  of  it 
forming  for  a  long  distance  the  boundary  line  between  those  counties — 
being  separated  fi'om  the  Stone  Mountains  by  the  valley  lands  of  the 
former  county.  Watauga  River  and  Doe  River  have  cut  through 
this  mnge,  but  it  continues  to  be  well  detined  until  the  southern  part 
^f  Carter  County  is  reached,  and  there  it  sinks  away.  South  of  the 
Watauga  it  is  separated  from  the  mountains  on  the  east  by  a  long 
and  narrow  valley  known  in  its  wider  portion  as  Doe  River  Cove. 
The  last  and  most  westerly  of  the  ridges  is  the  Holston  Mountains, 
which  run  out  abruptl}'^  from  the  other  ridges  and  terminate  as  abruptly 
a  few  miles  north  of  Elizabeth  ton,  Tenn.  They  are  separated  from 
the  mountains  on  the  east  by  the  curious,  very  elevated  biisin  called 
Shady  Valley  and  by  the  valley  of  Stony  Creek. 

As  a  rule  the  Unaka  ridges  are  forest  clad.  The  higher  summits, 
however,  are  frequently  destitute  of  trees,  owing  perhaps  to  the  high 
altitude  and  the  consequent  low  temp<»rature,  but  more  i)robably  to 
peculiarities  of  the  soil.     Such  summits  are  called  balds.     Sometimes 
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they  are  a  mile  or  more  iu  diameter,  and  sometimes  a  chain  or  succes- 
sion of  them  occurs  along  a  ridge,  forming  a  continuous  bald  for  sev- 
eral miles.  Roan  Mountain  is  a  bald  of  the  latter  class,  and  there  are 
several  others  like  it  in  the  range.  The  most  magnificent  views  in 
the  mountains  are  obtained  from  these  peaks. 

Lying  to  the  west  of  the  Unakas  is  the  great  valley  known  as  the 
Valley  of  East  Tennessee.  This  broad  and  beautiful  basin  is  a  south- 
ward continuation  of  the  famous  Valley  of  Virginia.  In  Tennessee 
it  has  an  extreme  width  of  more  than  50  miles.  It  is  drained  by  the 
Holston  and  its  tributary  sti*eams.  The  portion  of  the  valley  covered 
in  the  course  of  this  investigation  embraced  parts  of  Sullivan,  Carter, 
Johnson,  Washington,  Greene,  and  Cocke  counties.  The  topography 
is  composed  largely  of  a  series  of  parallel  ridges,  the  axis  extending 
in  a  northeast-southwest  direction,  making  the  country  very  rolling 
when  viewed  transversely.  One  of  the  most  marked  peculiariiies  of 
the  region  is  the  short  and  narrow  ridges  of  slate  which  are  apparent 
here  and  there  over  the  area,  sometimes  occurring  in  short  chains  of 
slaty  knobs.  In  Washington,  Greene,  and  Cocke  counties  the  vaIley^ 
partake  of  the  natui'e  of  the  ridges  and  are  short  and  broken.  There 
are  wide  variations  in  the  width  of  the  stream  valley's,  some  being 
sharp  and  V  shaped,  others  several  miles  in  width  and  ver^'  Ijeautif ul 
and  fertile.  One  of  the  largest  of  the  valleys  is  in  Johnson  County- 
Johnson  County  Cove,  as  it  is  sometimes  called.  Its  form  and  i¥)si- 
tion  can  be  seen  by  reference  to  almost  any  map  of  the  area.  Below 
Mountain  City  it  is  divided  lengthwise  by  Doe  Mountain,  an  isolat<Ml 
sandstone  ndge,  but  the  parts  are  unit-ed  again  in  the  valley  of  the 
Watauga,  which  is  said  to  have  a  larger  area  than  any  other  valley 
of  similar  elevation  in  the  State.  It  narrows  to  a  point  a  short  dis- 
tance from  the  Virginia  line,  and  is  entirely  inclosed  by  mountains, 
the  Stone  Mountains  being  on  the  east  and  south  and  the  Iron  Moun- 
tains on  the  northwest. 

Lying  between  the  Holston  and  the  Iron  mountains,  just  l>efore  they 
unite  in  Virginia,  is  the  elevated  basin  called  Shady  Valley,  als«) 
situated  in  Johnson  County,  and  being  much  higher  than  th%  great 
valley  just  descril)ed,  but  having  a  much  more  limited  ai*ea.  Tl# 
elevation  is  so  great  that  the  flora  partakes  of  the  character  of  that 
found  in  the  northern  regions  of  Canada.  Iron  of  good  quality  and 
very  fine  white  pine  and  spruce  are  found  here.  This  valley  is  more 
fully  described  on  pages  05  to  66,  in  the  description  of  the  area  drained 
by  Beaverdam  Creek. 

The  rivers  of  the  Valley  of  East  Tennessee  are  wide  and  shallow, 
the  waters  clear  and  beautiful,  and  the  tributaries  numerous.  There 
are  two  general  directions  of  flow,  the  tributaries  flowing  to  the  north- 
west or  the  southeast  and  the  main  streams  flowing  to  the  southwest. 
The  valley  floor  throughout  is  very  level  to  gently  rolling,  composed 
of  small  and  rounded  hills  with  gentle,  grass-covered  slopesi  leaving 
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broad  areas  of  level  meadows  or  bottom  land  between  them  and  dotted 
over  with  small  tracts  of  hard-wood  trees.  From  this  general  level 
the  transverse  ridges  as  a  rule  rise  gently,  although  they  are  some- 
times very  rough  and  rugged  and  are  almost  entirely  forested. 

The  area  drained  by  Holston  River  in  Virginia  is  entirely  within  the 
limits  of  Washington  and  Smyth  counties,  being  the  southeastern 
lialf  of  each  countj'.  The  extreme  southern  and  southeastern  parts 
of  the  area  are  covered  by  the  northward  extension  of  the  great  Unaka 
chain  known  as  the  Iron  Mountains.  The  extreme  eastern  part  is 
covered  by  the  slopes  of  the  Blue  Ridge  and  its  outliers,  the  Pond  and 
the  Brushy  mountains.  On  the  north  it  is  closed  in  by  the  slopes  of 
Walker  Mountain,  a  long  ridge  which  separates  the  watersheds  of  the 
North  and  South  forks  of  the  stream.  The  general  characteristics  of 
these  mountain  areas  are  similar  to  those  previously  described  for  the 
Unaka  chain  in  Tennessee,  except  that  the  peaks  rise  to  less  heights 
and  are  completely  wooded.  The  geologic  structure  is,  however, 
different,  many  of  the  mountains  being  capped  with  sandstone,  the 
prevailing  rock  of  the  valley  floor  being  limestone.  The  valley  itself 
is  much  more  broken,  and  in  its  upper  part  contains  a  much  smaller 
portion  of  cleared  land  than  the  areas  farther  to  the  south,  the  natural 
consequence  of  the  changed  topography.  However,  the  strip  of  level 
land  bordering  the  South  Fork  on  the  south,  the  entire  area  between 
the  South  and  Middle  forks,  except  the  slopes  of  tlie  Pond  and  the 
Brushy  mountains,  and  the  area  to  the  north  of  the  Middle  Fork  as 
far  as  Walker  Mountain  are  w^ell  situated  for  agricultural  and  stock- 
raising  pureuits,  are  almost  entirely  cleared,  and  are  in  a  high  state  of 
cultivation,  being  held  at  a  very  high  valuation. 

The  part  of  the  watershed  in  North  Carolina,  being  the  areas 
drained  by  the  Watauga,  Nolichucky,  and  French  Broad  rivers,  is 
inelude<l  in  the  counties  of  Watauga,  Yancey,  Mitchell,  Madison, 
Buncombe,  Henderson,  and  Transylvania,  and  is  described  at  length 
in  connection  with  the  drainage  basins  of  those  riv^ers.  The  last  four 
counties  comprise  the  watershed  of  the  French  Broad.  The  first  three 
counties — Watauga,  Yancey,  and  Mitchell — occupy  the  entire  width 
of  the  transmontane  plateau  lying  between  the  western  slopes  of  the 
Blue  Ridge  and  the  Unakas,  and  their  surface  is  a  bewildering  con- 
fusion of  mountain  chains  and  spurs  extending  in  every  direction, 
without  order  or  plan,  and  inclosing  short  and  narrow  valleys  and 
inconsiderable  areas  of  cleared  land,  except  along  some  of  the  larger 
streams. 

One  of  the  distinguishing  characteristics  of  the  whole  basin  drained 
by  Holston  River  is  the  occurrence  of  small  closed  basins  or  sinks, 
which  are  found  in  great  numbers  on  the  low  divides  between  the 
various  tributary  watersheds.  They  are  so  numerous,  in  fact,  that  in 
many  localities  it  seems  impossible  that  any  of  the  rainfall  over  areas 
of  a  square  mile  or  more  can  find  its  way  into  the  streams.    Certainly 


40  SOUTHERN    APPALACHIAN    MOUNTAIN    REGION,   PT.    T-        [xo  ei 

there  are  no  channels  visible,  and  in  many  cases  water  was  seen  stand- 
ing in  pools  from  50  to  100  feet  in  diameter,  indicating  that  there 
is  no  subterranean  passage  through  which  the  water  finds  its  way  to 
the  streams.  Other  sinks  are  dry,  except  after  heavy  rains.  In  some 
instances  the  farmers  have  rendered  the  bottoms  of  these  natural 
basins  impervious,  and  the  collected  water  is  used  for  cattle. 

Springs  are  numerous  over  all  the  basin,  ranging  in  size  from  a  dis- 
charge of  several  cubic  feet  per  second  to  less  than  a  gallon  per  min- 
ute. Many  of  the  smaller  streams  seem  to  be  fed  entirely  from  this 
source.  In  this  connection  may  be  noted  the  fact  that  a  number  of 
streams  which  at  some  point  in  their  course  sink  below  the  surface  of 
the  ground,  after  flowing  there  for  distances  varying  from  a  few 
yards  to  a  half  mile  or  more  reappear  on  the  surface.  Some  8tream> 
were  noted  which  while  discharging  no  water  into  the  main  stream 
carried  a  considerable  quantity  a  short  distance  above  their  months, 
the  water  sinking  gradually  into  the  earth  as  the  river  was  approacheil. 
It  is  said  that  the  Middle  Fork  loses  a  quantity  of  water  in  this  way, 
and  from  the  character  of  the  country  rock  this  seems  by  no  means 
improbable. 

RAINFALL^- 

Little  definite  information  can  be  given  regarding  the  annual  rain- 
fall in  thife  basin,  but  it  is  well  known  that  throughout  the  region 
there  is  no  lack  of  moisture,  showers  frequently  falling  on  the  moun- 
tains when  there  is  not  a  cloud  over  the  valley.  The  rainfall  in  the 
valley  to  the  west  is  between  40  and  45  inches  per  annum,  and  that 
on  the  mountains  is  certainly  greater.  Throughout  all  the  area  cov- 
ered by  the  investigation  thei-e  is  a  lack  of  recoixis  whereby  the  rain- 
fall can  be  even  approximately  determined,  most  of  the  records  obtain- 
able being  very  fragmentary.  Those  at  Knoxville  best  i-epresent  the 
average  condition  prevailing  over  the  valley,  though  the  Chattanooga 
records  may  be  of  service  in  determining  the  average  rainfalL  The 
maximum  precipitation  recorded  at  Knoxville  is  73.8  inches  per 
annum,  which  is  146  per  cent  of  the  mean,  and  up  to  1896  the  mini- 
mum was  37.4  inches,  or  74  per  cent  of  the  mean.  At  Chattanooga 
the  maximum  is  08.1  inches  per  annum,  or  126  per  cent  of  the  mean, 
and  the  minimum  is  37.2  inches,  or  69  per  cent  of  the  mean.  It  may 
be  stated  that  the  variation  between  the  maximum  and  minimum 
rainfall  is  at  least  as  great  as  this  throughout  the  region,  the  precipi- 
tation in  dry  years  teing  somewhat  less  than  50  per  cent  of  the  mean. 

Droughts  are  rare  and  as  a  rule  of  short  duration.  The  most 
notable  one  occurred  in  the  summer  and  autumn  of  1900,  when 
throughout  the  entire  country,  both  in  the  valleys  and  on  the  moun- 
tains, the  drought  was  very  severe  and  long  continued,  producing 
the  lowest  known  stage  of  flow  in  all  of  the  streams.  During  the 
winter  the  higher  summits  are  almost  entirely  covei^d  with,  snow 
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AGRICULTURE. 

As  might  be  expected  from  the  comparatively  scanty  population 
and  the  inadequate  transportation  facilities,  agriculture  and  stock 
raising  are  the  principal  pursuits.  In  the  valley  of  Holston  River, 
where  the  country  is  comparatively  level,  there  are  many  fine  farms, 
which  are  held  at  a  high  valuation,  and  the  community  seems 
extremely  prosperous.  Although  the  areas  drained  by  the  Watauga 
and  the  Nolichucky  are  rough  and  mountainous,  yet  the  lower  slopes 
afford  a  fine  cattle  range,  and  the  valleys  are  sufl&ciently  extensive  to 
produce  the  necessities  of  life  for  the  inhabitants. 

MINERALS. 

The  mining  possibilities  are  very  large,  although  little  has  been 
done  to  develop  this  source  of  wealth.  In  the  localities  where  mines 
have  been  opened  the  work  seems  to  have  been  carried  on  in  a  very 
spasmodic  way.  Iron  ore  of  great  purity  is  found  in  abundance  in 
many  places,  and  has  been  mined  to  a  considerable  extent  at  some 
localities,  the  ore  being  reduced  at  the  furnaces  at  Bristol,  Johnson 
City,  Embreville,  and  Cranberry  within  the  basin,  or  shipped  to 
Pulaski  and  near-by  points  outside  of  it.  Copper,  lead,  zinc,  fiuor- 
spar,  gj'psum,  gold,  salt,  barytes,  mica,  corundum,  and  gem  stones 
all  occur  in  quantity,  and  some  have  been  mined  at  large  profit. 

LUMBER. 

The  lumber  interests  also  are  of  great  importance,  the  area  con- 
taining many  large  tracts  of  fine  timber,  from  which  several  large 
sawmills  draw  their  supplies,  while  small  portable  mills  are  found 
over  all  the  area.  A  large  amount  of  tan  bark  is  stripped  near  the 
railroads,  the  stocks  being  sometimes  worked  into  cord  wood,  but 
more  often  allowed  to  rot  where  they  fall. 

TRANSPORTATION. 

The  transportation  facilities  over  the  greater  part  of  the  area  are 
pitifully  inadequate.  The  Norfolk  and  Western  Railroad  skirts  the 
northern  edge  of  the  basin  of  Holston  River  proper,  the  Knoxville 
branch  of  the  Southern  Railway  follows  along  the  French  Broad,  there 
is  a  narrow-gage  road  from  Johnson  City  to  Cranberry,  a  small  stand- 
ard-gage road  has  been  constructed  from  Bristol  to  Butler  and  is  now 
l)eing  extended  up  the  valley  of  Roan  Creek  toward  Mountain  City, 
while  another  road  is  being  built  from  Abingdon  to  Damascus,  from 
which  place  it  will  extend  up  Beaverdam  Creek  and  into  the  Shady 
Valley,  and  the  Ohio  River  and  Charleston  Railroad  has  recently  been 
extended  along  the  Nolichucky  as  far  as  the  mouth  of  Caney  River. 
In  by  far  the  greater  part  of  the  area,  however,  the  only  means  of 
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transportation  is  by  wagons  drawn  over  the  mountain  roads,  which 
are  generally  very  rough  and  steep. 

SOUTH  FORK  OF  HOLSTON  RIVER. 
PHYSICAL  FEATURES. 

The  South  Fork  of  Ilolston  River  rises  on  the  western  slopes  of 
the  Blue  Ridge,  in  Smyth  County,  Va.,  between  the  slopes  of  the 
Brushy  Mountains  on  the  north  and  the  Iron  Mountains  on  the  south. 
It  is  formed  by  the  junction,  in  a  broad  stretch  of  valley  land,  of 
Slemp  and  Cressy  creeks,  and  flowing  in  a  general  southwesterly  direc- 
tion is  joined  by  the  Middle  Fork  about  6  miles  southeast  of  Abing- 
don, Va.  The  stream  below  this  junction  and  until  the  junction 
with  the  North  Fork  is  still  known  as  the  South  Fork.  Below  the 
latter  junction  it  is  known  as  Holston  River. 

The  headwaters  of  the  South  Fork  are  at  an  altitude  of  about  2,800 
feet,  those  of  the  Middle  Fork  at  an  altitude  of  about  2,900  feet,  the 
elevation  at  the  junction  being  about  1,800  feet.  The  altitude  at  the 
junction  of  Slemp  and  Cressy  creeks  is  about  2,575  feet.  The  dis- 
tance between  the  latter  junction  and  the  junction  with  the  Middle 
Fork  is  about  29  miles  in  a  straight  line,  and  the  average  slope  of  the 
country  about  27  feet  to  the  mile.  Following  the  course  of  the  river, 
however,  this  distance  is  about  36  miles,  and  the  average  fall  between 
21  and  22  feet  to  the  mile. 

Although  the  basin  is,  broadly  speaking,  a  plateau,  it  is  not  to  be 
inferred  that  it  has  not  some  very  sharply  marked  mount.ain  ridges. 
The  axes  of  these  ridges  extend  in  a  northeast-southwest  direction, 
approximat.ely  parallel  to  the  course  of  the  principal  streams,  and  the 
buttressing  spurs  of  the  Iron  and  the  Stone  mountains  serrate  the 
southern  edge  with  a  series  of  high  and  jagged  ridges.     Away  from 
these,  however,  the  country  is  composed  of  a  series  of  low,  broad 
swells  and  wide,  flat  valleys,  all  of  the  slopes  being  gentle  and  covered 
with  grass  not  unlike  the  famous  blue  grass  of  Kentucky.     The  soil 
seems  very  fertile,  and  good  crops  of  corn,  wheat,  oats,  and  hay  are 
produced. 

For  convenience  in  describing  this  large  area,  the  country  has  l>eeu 
divided  as  follows:  (1)  Area  drained  by  the  South  Fork  below  jun**- 
tion  with  the  Middle  Fork;  (2)  area  drained  by  the  South  Fork  a,lx>ve 
junction  with  the  Middle  Fork;  and  (3)  area  between  the  Soutli  and 
Middle  forks.  The  area  drained  by  the  Middle  Fork  is  desoribeil 
on  pages  69  to  77. 

AREA  DRAINED    BY  THE    SOUTH    FORK    BELOW  THE  JUNCTION  WITH    THE    M^IDDLE 

FORK. 

This  area  lies  entirely  within  the  eastern  half  of  Sullivan  County, 
Tenn.,  and  to  the  north  and  east  of  Bluff  City,  the  western  limit  of 
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the  investigation.     Throughout  the  basin  occur  many  small  closed 
basins  or  sinks,  ranging  in  size  from  perhaps  50  feet  in  diameter  to 
areas  covering  several  acres.     In  many  of  them  water  was  seen  stand- 
ing to  a  depth  of  several  feet.     Others  bore  traces  of  having  recently 
contained  water,  while  others  were  well  drained.     These  basins  are 
not  indicated  on  any  map  of  the  area,  and  computations  of  run-off  will 
be  much  complicated  by  them,  as  the  amount  of  water  kept  back  from 
the  streams  is  a  totally  unknown  quantity.     The  country  rock  is  a 
limestone,  much  jointed  and  laminated  .in  places,  very  massive   in 
others,  and  these  sinks  are  characteristic  of  that  formation.     Ledges 
of  slate  are  numerous.     The  limestone  is  gray  to  black  in  color,  and 
strikes  to  the  northeast,  the  dip  being  frequently  as  great  as  85  degrees. 
It  is  of  very  good  quality,  being  suitable  for  quarrying  into  building 
stone,  and  a  considerable  quantity  is  used  locally,  none,  however, 
being  quarried  for  shipment,  so  far  as  could  be  learned.     Perhaps  the 
the  most  important  use  to  which  this  stone  is  put  is  for  flux  at  the 
various  blast  furnaces.     Small  amounts  are  also  burned  into  lime, 
which  is  used  in  the  local  building  operations  or  is  applied  to  the  land. 
A  small  quantity  is  also  used  as  a  road  material,  but  this  quantity  is 
very  small  indeed,  for  little  attention  is  paid  to  the  roads,  which  as  a 
rule  are  poorly  graded  and  ill  kept.     The  soil  is  in  places  a  red  clay 
impervious  to  water,  but  seems  for  the  most  part  to  be  a  graj- ,  yellow, 
or  brownish  loam,  and  is  veiy  fertile. 

The  country  on  the  south  side  of  the  river  near  Bluff  City  is  pre- 
eminently suited  to  agriculture  and  to  stock  raising,  being  made  up 
of  a  series  of  very  low  and  broad  ridges  and  small  swells  or  hills  rising 
from  25  to  30  feet  above  the  level  of  the  valleys  between,  all  forming 
the  surface  of  a  plateau  elevated  200  feet  or  moi^e  above  the  river 
level.     The  hillside  slopes  are  gentle,  ranging  from  5  to  10  degrees, 
and  there  are  large  ai-eas  of  level  land.     The  general  impression  of 
the  country  when  viewed  from  a  distance  is  that  of  a  plain,  but  at 
closer  range  it  is  seen  to  be  very  gently  rolling.     By  far  the  greater 
portion  (about  80  per  cent)  of  the  land  is  cleared  and  either  culti- 
vated in  corn  or  wheat  or  sodded  in  grass,  the  areas  of  each  being 
al30ut  equal.     The  forest  growth  occurs  in  small  and  segregated  areas, 
too  small  to  have  much  effect  on  the  run-off  from  the  surface.     The 
character  of  the  growth  varies,  being  in  some  parts  almost  exclu- 
sively pine,  while  in  others  and  over  the  larger  part  of  the  area  oak 
and  chestnut  are  the  predominant  trees.     Many  other  varieties,  how- 
ever,   are  found  in  abundance,  and  occasionally  the  finer  cabinet 
wood.s,  such  as  walnut,  curly  maple,  and  curly  birch.     As  the  main 
stream  is  approached  the  country  becomes  much  rougher,  the  small 
stream  valleys  being  more  deeply  carved   and   the  hillside  slopes 
steeper.     The  descent  from  the  broad  upland  plateau  to  the  river 
2>lain  several  hundred  feet  below  is  very  steep. 

i^scending  the  river  the  uplands  for  several  miles  above  Bluff  City 
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are  similar  to  those  (ieseril)e(l,  excei)t  that  possibly  the  proportion 
of  cleared  land  is  slightly  less;  but  it  is  estimated  to  be  about  75  per 
cent  of  the  area,  and  at  least  half  of  it  is  in  grass.  .  Throughout  this 
part  of  its  course  the  river  runs  in  a  channel  carved  through  the  soft 
limestone  country  rock  and  into  the  harder  and  more  resistant  slates, 
producing  a  very  rough  bed,  the  slate  being  much  jointed  and  lami- 
nated and  projecting  in  jagged  ridges  across  the  course  of  the  stream; 
but  the  fall  seems  well  distributed,  there  being  little  noticeable  con- 
centration at  any  point. 

(yoing  up  the  river  the  portion  of  cleared  land  seems  to  gradually 
decrease,  until  near  the  mouth  of  Weaver  Creek  it  has  diminished  to 
one-half  or  less.  This  is  a  consequence  of  the  gi'eatly  change<l  topt^- 
raphy,  the  plateau  character  of  the  uplands  having  been  largely  lost, 
sharp  and  rugged  forest-covered  hills  having  taken  the  place  of  the 
small,  round,  grass}'^  knolls  and  wide,  level  bottoms  seen  farther  down 
the  stream.  Near  the  mouth  of  Weaver  Creek  the  mountains  close  in 
on  the  river,  and  from  that  point  to  and  above  the  mouth  of  Morrills 
Creek  all  of  the  basin  lying  to  the  south  of  the  stream  is  very  rough. 
There  is  no  arable  land  along  the  river,  and  the  hills  ai^e  wooded  to 
the  top. 

On  the  south  side  of  the  stream  the  country  draining  into  the  river 
below  the  junction  with  the  Middle  Fork  is  composed  of  the  basins  of 
Jacobs  Creek  and  Denton  Valley  Creek.  Near  the  river  the  coun- 
try is  more  gently  rolling  than  farther  downstream,  and  as  a  conse- 
quence is  more  largely  cleai'ed,  but  of  the  whole  area  drained  by 
Jacobs  Creek  probabl}^  onl}^  about  10  per  cent  is  cleared,  most  of  it 
near  the  mouth.  A  short  distance  up  the  stream  the  country  liecoiues 
broken  and  rough  and  is  largely  in  woodland.  For  al>out  3  miles 
above  the  mouth  of  Denton  Valley  Creek  a  considerable  portion — 
possibly  one-third — of  the  land  is  cleared,  teing  largely  devoted  to 
grazing.  The  hillside  slopes  vary  from  15  to  30  degrees.  These 
slopes  show  a  great  deal  of  exposed  limestone.  Above  this  3-inile 
stretch  the  country  rapidly  becomes  very  rough  and  rugged  and  is 
totally  forested. 

On  the  north  side  of  the  stream  the  topography  differs  slightly  from 
that  on  the  south  side,  consisting  entirely  of  small  hills  and  rounded 
swells,  with  a  larger  proportion  of  cleared  land,  ranging  from  about 
two-thirds  over  the  lower  part  of  the  basin  to  three-fourths  or  nion* 
near  the  Virginia  line  and  around  Bristol,  while  over  some  of  the  small 
drainage  basins,  such  as  that  of  Sinking  Creek,  more  properly  known 
as  Beidelmans  Creek,  from  85  to  00  per  cent  of  the  land  is  cleared  and 
under  cultivation  or  in  grass  or  pasture.  The  same  is  true  of  the 
area  drained  by  Thomas  Creek  and  of  the  area  known  as  the  Holston 
Valley,  the  country  being  almost  level  and  almost  entirely  grass  cov- 
ered, the  soil  being  for  the  most  part  gray  and  porous,  though  some 
areas  of  red  cla}'^  were  seen.     On  the  north  side  of  the  river,  near 
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Bluff  City,  zinc  is  found  in  paying  quantities  and  mines  are  now  being 
opened.  There  are  numerous  deposits  of  iron  ore  throughout  the 
area,  and  the  same  is  said  to  be  true  of  all  the  counties  bordering  the 
Unaka  Mountains.  Over  the  valleys  of  Spring  Creek  (the  first  tribu- 
tary entering  from  Virginia),  Wolf  Creek,  and  Fifteenmile  Creek 
the  general  character  of  the  country  is  the  same  as  that  just  described, 
probably  more  than  75  per  cent  of  the  area  being  cleared,  the  soil 
seeming  to  be  porous  and  very  fertile.  Hay  and  wheat  are  the  chief 
agricultural  products,  and  as  elsewhere  in  the  region  a  great  many 
cattle  are  raised.  Wherever  timber  occurs  it  is  hard  wood,  pine  being 
very  sc-arce.  Near  Ruthton  the  proportion  of  forest  land  is  greater 
than  in  any  part  of  this  area,  and  much  timber  is  being  cut,  forming 
a  profitable  industry.  Lumbering  becomes  more  and  more  a  source 
of  revenue  as  the  river  is  ascended. 

AREA  DRAINED  BY  THE  SOUTH  FORK  ABOVE  JUNCTION  WITH  THE  MIDDLE  FORK. 

This  part  of  the  drainage  basin  lies  almost  entirely  on  the  south 
side  of  the  stream — the  area  between  the  forks  being  too  small  for 
tlie  formation  of  streams  of  appreciable  size — and  includes  large 
areas  of  very  mountainous  country  which  is  densely  wooded.  From 
the  junction  with  the  Middle  Fork  to  the  mouth  of  the  Laurel  Fork 
the  basin  is  narrow,  being  shut  in  by  the  northward  extension  of  the 
Ilolston  Mountains,  and  excepting  the  land  immediat.ely  bordering 
the  stream  the  country  is  rough  and  rugged,  with  steep  slopes  densely 
forested,  the  valleys  being  extremely  narrow  and  containing  little  if 
any  cleared  land,  the  land  that  is  cleared  being  confined,  so  far  as 
(joiild  be  i^certained,  to  the  narrow  strip  bordering  the  river,  and 
therefore  constituting  a  very  small  part  of  the  whole. 

Above  the  mouth  of  the  Laurel  Fork  the  mountains  recede  some- 
what from  the  stream,  the  strip  of  arable  land  becomes  wider,  and 
cleared  areas  are  to  be  found  in  the  basins  of  some  of  the  tributaries, 
as  on  Rosenbaums  Creek,  where  the  proportion  of  cleared  land  is 
between  two-thirds  and  three-fourths,  while  of  the  whole  area  lying 
between  the  river  and  the  road  from  Damascus  to  Holstein  Mills 
about  one- third  is  cleared.  The  area  to  the  south  of  the  road  is 
entirely  in  forest,  and  the  slopes  are  steep  and  rocky,  the  country 
rock  being  still  a  limestone  formation. 

Many  sawmills  are  located  near  the  headwaters  of  some  of  the  small 
t  ributaries,  and  are  engaged  in  cutting  the  hard-wood  tinil)er.  There 
iire  also  one  or  two  mills  along  the  stream,  but  they  are  cutting  only 
H  few  hundred  feet  each  day. 

Widner  Creek,  Rush  Creek,  Poge  Creek,  Mill  Creek,  Grose  Creek, 
and  St.  Clair  Creek,  all  tributaries  from  the  south,  are  small  streams 
draining  narrow  and  confined  valleys  and  rough,  mountainous,  and 
forest-covered  slopes,  the  small  proportion  of  cleared  land  in  the  basin 
of  eacU  being  confined  to  the  narrow  strip  next  to  the  stream,  the 
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couutry  being  rather  inaccessible,  as  roads  are  few.  There  is  much 
timber,  but  owing  to  the  roughness  and  steepness  of  the  mountain 
slopes  it  is  exceedingly  difficult  to  lumber  it,  so  that  up  to  the  present 
time  very  little  has  been  cut. 

There  is  one  notable  exception  to  the  general  character  of  the 
country  along  the  river,  viz,  the  area  known  locally  as  the  St.  Clair 
Bottoms,  situated  on  both  sides  of  the  South  Fork  between  Holstein 
Mills  and  the  Washington  County  line,  extending  back  1  or  2  miles  on 
each  side  of  the  stream  and  embracing  a  large  area  of  very  beautiful 
grazing  land,  a  small  part  only  being  cultivated  in  corn  and  wheat. 
These  bottoms  are  broad,  and  from  them  the  uplands  rise  very  gently, 
the  area  being  practically  all  cleared.  The  country  rock  is  a  lime- 
stone, a  small  quantity  of  which  is  burned  for  building  purposes  and 
to  apply  to  the  land. 

Above  Holstein  Mills  the  mountains  close  in  again  and  as  a  conse- 
quence the  area  is  more  broken  and  rough.  Very  little  cleared  land 
is  to  be  seen  either  along  the  river  or  away  from  it  until  the  head  of 
the  stream  is  reached,  when  the  mountains  again  recede,  leaving  the 
broad  and  fertile  area  known  as  the  Rye  Valley,  which  extends  from 
a  little  below  Dickey  Creek  to  and  above  the  junction  of  Slemp  and 
Cressy  creeks,  and  is  rimmed  about  by  high  and  steep  mountain  slopes. 
This  valley  is  very  broad  and  gently  rolling,  and  is  almost  all  cleared 
and  in  grass.  Dickey,  Slemp,  and  Cressy  ci-eeks  are  small  streams 
draining  narrow  valleys  and  areas  of  steep  mountain  slopes  where  the 
proportion  of  cleared  land  is  small  above  the  limits  of  the  broad  valley 
just  described. 

AREA   BETWEEN  THE  SOUTH   AND  MIDDLE  FORKS. 

This  area  is  a  long  and  narrow  strip,  5  or  6  miles  in  width  at  the 
widest  part  and  about  21)  miles  long,  measured  from  the  headwaters  of 
the  two  streams  to  the  point  of  junction,  and  slopes  from  the  crest  of 
the  Blue  Ridge  toward  the  southwest,  the  area  being  alx)ut  e<iually 
divided  between  the  drainage  sj'stems  of  the  two  forks. 

From  the  junction  of  the  streams  to  the  slopes  of  the  Pond  Mountsiins 
the  country  is  level  or  gently  rolling,  the  hillside  slopes  being  slight. 
The  soil  is  largely  a  red  clay  quite  impervious  to  water,  though  there 
are  large  areas  of  a  light-yellow  porous  soil.  The  cleared  land  forms 
about  three-fourths  of  the  area  and  the  wooded  portions  are  too  small 
and  as  a  rule  too  widely  separated  to  have  much  effect  on  the  run-off. 

South  of  Marion  the  large  sandstone  areas  represented  by  the  Pond 
and  the  Brushy  mountains  are  all  wooded  and  q^uite  steep.  Even 
where  the  timber  has  been  cut  away  the  smaller  trees  and  underbrush 
have  grown  rapidly  and  cover  the  ground  with  a  dense  shade.  Some 
of  the  slopes,  however,  are  composed  largely  of  a  species  of  tali',^, 
small  angular  fragments  of  the  stone  comprising  the  mass  of  the 
uplift,  covering  them  in  places  to  a  depth  of  several  feet,  where  the 
growth  is  sparse,  consisting  of  small  bushes  and  straggling  trees. 
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RAINFALL. 

The  annual  rainfall  over  the  basin  of  the  South  Fork  is  compara- 
tively large,  averaging  probably  between  40  and  41  inches  per  annum, 
diminishing  somewhat  as  the  stream  is  ascended.  Over  all  the  basin 
the  summer  rainfall  seems  greater  than  that  of  any  other  season,  heavy 
rain  storms  being  of  frequent  occurrence,  causing  large  and  rapid  rises 
in  all  of  the  streams.  Severe  droughts  are  relatively  infrequent  and 
are  soon  broken.  The  flrought  of  the  summer  and  fall  of  1900  was 
said  to  be  the  most  severe  in  the  history  of  the  region,  and  it  is  thought 
that  the  low-w^ater  gagings  made  at  that  time  represent  the  minimum 
discharges  of  the  streams. 

FORESTS. 

The  forest  growth  of  the  basin  is  mostly  oak,  chestnut,  and  pine, 
with  some  spruce,  walnut,  maple,  hickory,  beech,  birch,  dogwood, 
cherry,  ash,  locust,  and  poplar,  and  still  smaller  quantities  of  other 
woods.  There  are  important  lumbering  industries,  notably  those  near 
Bristol,  although  throughout  the  area  numerous  mills,  large  and  small, 
are  working  up  the  raw  material.  In  many  places  large  quantities  of 
tan  bark  are  stripped,  much  of  it  going  to  the  great  tanneries  at  Bris- 
tol. The  chief  industry  of  the  region,  however,  is  cattle  raising,  large 
numbers  of  which  are  shipi)ed  annually  from  this  section. 

MINERALS. 

Iron  ore  is  found  at  a  great  niaiiy  points  within  the  basin,  and  is 
being  mined  at  some  localities,  although  from  some  cause  the  business 
seems  to  be  languishing,  most  of  the  furnaces  being  out  of  blast. 
Zinc  is  found  near  Bluff  City,  Tenn.,  and  gold,  barytes,  and  fluorspar 
are  found  in  small  quantities  at  various  places.  There  are  large 
deposits  of  gypsum  in  the  valley  of  Walker  Creek;  sandstone,  granite, 
and  dolomite  occur  in  small  areas;  and  limestone  of  excellent  quality 
is  found  in  abundance  everywhere.  Near  Marion,  Va.,  the  limestone 
is  quarried  in  considerable  quantities  and  is  shipped  to  the  alkali 
works  at  Saltville,  Va.,  where  there  are  extensive  saline  deposits. 

TRANSPORTATION. 

The  basin  is  traversed  by  the  lines  of  the  Southern  Railway  as  far 
as  Bristol.  The  Norfolk  and  Western  Railroad  extends  from  that 
point  the  whole  length  of  the  basin,  and  the  Bristol  and  Elizabethton, 
the  East  Tennessee  and  Western  North  Carolina,  the  Holston  Valley, 
and  the  Ohio  River  and  Charleston  Railroad  afford  comparatively 
good  communication  with  the  greater  part  of  the  area. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  many  measurements  were  made  of  the 
river  and  its  tributaries,  and  one  gaging  station  was  established  in 
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the  basin,  viz,  at  Bluff  City,  Tenn.  The  miscellaneous  measurements 
made  on  the  South  Fork  and  also  those  made  at  the  gaging  station  are 
given  in  the  following  table.  The  measurements  made  on  the  tribu- 
taries are  given  in  the  table  on  page  53. 

Discharge  measurements  of  South  Fork  of  Holston  RH)er. 


Date. 


1900. 
July  17 

Aug.  16 
Sept.  26 
Nov.  8 
Dec.  27 
July  23 
Oct.  3 
July  28 
Oct.  3 
July  28 
Oct.  3 
July  27 
Oct.     1 


Locality. 


Hydrographer. 


Bluflf City, Tenn E.W.Myers  and   L. 

Branch. 

do 

do 

dOL 

do 

Below  mouth  of  Middle  Fork,  Va . 

do 

Below  mouth  of  Laurel  Fork,  Va 

do 

Above  mouth  of  Laurel  Fork,  Va. 

do 

Rye  Valley,  Va 

do 


V. 


do 

do 

do 

do 

L.  V.  Branch. 
E.  W.  Myers  . 
do 


do 

do 

-do 

do 

.do 


G 
helg^ 


^t. 


Feet. 
a25 

0.25 
1.15 
0.90 

o.ao 

3.06 
3.^ 
2.60 
3.99 
1.51 


6.96 


Di»^ 
charge. 


Secft 

39 

7»1 

3EB 
23^ 
1» 
GSS 
119 
101 

a» 


Note.— At  regular  stations  of  the  Geological  Survey  gages  are  installed  by  which  the  rise  of 
the  river  is  measurud,  an  increase  in  the  gage  height  representing  an  increase  in  the  dischance 
of  the  stream.  This  is  true  of  the  measurements  in  the  above  table  which  were  made  at  Bluff 
City,  Tenn.  In  making  the  other  measurements  given  In  the  table,  however,  bench  marks  were 
established  and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the 
bench  mark  to  the  surface  of  the  water.  In  those  cases,  therefore,  an  increase  in  the  gaire 
height  means  a  lowering  of  the  water  surface  and  a  corresponding  decrease  in  the  dischar^ 
of  the  stream. 

WATER  POWERS. 

A  water  power  of  considerable  magnitude  can  be  developed  at  Bluff 
City,  Tenn.,  where  the  total  available  fall  is  between  15  and  20  feel. 
The  only  use  of  the  power  at  present  is  by  the  Bluff  City  mill,  a  flour- 
ing mill  having  a  capacity  of  50  barrels  per  twenty-four  hours,  using 
a  fall  of  from  5^  to  6  feet,  which  with  one  35-inch  Victor  turbine 
develops  about  30  horsepower.  Formerly  there  was  a  small  cotton 
mill  located  here  which  used  about  7  feet  of  the  fall,  but  that  is  no 
longer  in  operation.  A  development  of  power  could  easily  be  nia<ie 
at  this  place,  the  river  being  narrow,  with  high  bluffs  on  each  side. 
The  railroad  facilities  also  are  good. 

Above  the  pond  of  the  Bluff  Cit}''  mill  the  stream  is  comparatively 
placid  until  just  below  the  mouth  of  Dry  Creek,  where  there  is  a  sho«*il 
having  a  fall  of  about  8  feet  in  200  yards.  The  bed  of  the  river  is 
very  rough,  being  crossed  by  several  ledges  of  rock  and  contiiiuing 
many  loose  bowlders.  The  banks  are  rather  low,  being  only  about 
10  feet  above  low  water. 

McClellan's  mill,  the  first  mill  on  the  river  aljove  Bluff  City,  is  on  the 
north  bank  of  the  stream  about  50  yards  above  the  mouth  of  Weaver 
Creek.  It  is  a  small  combined  sawmill,  gristmill,  and  cabinet  shop, 
using  a  small  amount  of  power,  which  is  obtained  from  an  undershot 
wheel  and  a  homemade  tub  wheel,  both  using  a  head  of  about  4  ft*et. 
practically  all  that  is  available.  It  is  said  that  curly  maple  and  curly 
birch  are  to  be  found  here  in  considerable  quantities,  and  that  other 
fine  cabinet  woods  abound. 
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There  is  one  small  shoal  in  the  river  between  MeClellan's  mill  and 
the  mouth  of  Beidelmans  Creek,  but  the  fall  is  slight  and  the  locality 
of  no  practical  importance.  At  the  time  this  stream  was  first  visited, 
in  the  latter  part  of  July,  1900,  almost  all  of  the  small  tributaries  in 
this  part  of  its  course  were  practically  dry,  the  largest  carrying  less 
than  0.5  second-foot.  The  stream  itself  between  the  points  men- 
tioned consists  of  a  succession  of  still  pools,  seemingly  quite  deep, 
with  a  very  low  current  velocity  broken  by  short  shoals  where  the 
depth  of  the  water  ranges  from  a  few  inches  to  about  1  foot,  flowing 
over  and  among  water-worn  pebbles  from  3  to  6  inches  in  diameter, 
with  occasional  rock  ledges  crossing,  where  tlie  principal  falls  are 
found. 

For  some  distance  upstream  from  the  mouth  of  Thomas  Creek  the 
hills  on  the  north  side  rise  rather  steeply  from  the  river's  edge  to  a 
height  of  several  hundred  feet,  and  the  valley  on  the  south  side  is 
much  narrower  than  those  heretofore  described.  The  country  rock 
along  the  stream  is  a  much  jointed  and  laminated  gray  or  black  slate, 
striking  to  the  northeast  and  dipping  almost  vertically.  The  river 
flows  over  the  upturned  edges  of  this  slate,  making  a  very  rough  chan- 
nel, but  one  in  which  the  fall  is  well  distributed,  there  being  little 
noticeable  concentration  at  any  locality. 

About  200  yards  below  the  mouth  of  Riddle  Creek  there  is  a  small 
mill,  known  as  Rosenbaum's  mill,  which  diverts  a  few  second-feet  of 
water  from  the  river  by  means  of  a  low  and  loosely  piled  rock  wing 
dam,  a  fall  of  about  5  feet  being  obtained  through  a  race  150  yards 
long. 

About  1  mile  below  the  mouth  of  Fishdam  Creek  and  just  above 
the  mouth  of  a  small  unnamed  branch  there  is  a  fall  of  5  feet  in  300 
feet,  over  a  rough  and  rocky  bottom,  composed  of  angular  bowlders 
and  rock  ledges.  There  are  high  and  rocky  bluffs  on  the  north  side 
of  the  stream,  but  on  the  south  side  the  banks  rise  to  a  height  of 
about  10  feet,  and  then  a  broad  meadow  slopes  gentl}'  away.  The 
facilities  for  building  a  good  dam  and  a  race  at  this  point  are  excellent. 

Just  below  the  mouth  of  Fishdam  Creek  is  one  of  the  finest  mill 
sites  seen  on  the  river.  The  current  is  divided  by  a  small  island,  at 
the  head  of  which  a  low  loose-rock  wing  dam  has  been  built,  diverting 
a  small  part  of  the  current.  Another  dam  has  been  constructed  about 
30  yards  above  the  foot  of  the  island,  a  total  fall  of  9  feet  being  thus 
obtained,  which  is  used  by  a  small  sawmill  and  gristmill  requiring 
probably  about  2  horsepower,  which  is  develoi)ed  by  a  small  flutter 
w^heel.  This  mill  is  said  to  have  a  capacity  of  600  feet  of  lumber  or  40 
bushels  of  corn  a  day.  Power  in  large  quantity  could  very  easily  be 
obtained  here,  and  although  at  present  the  locality  is  somewhat  inac- 
cessible, the  graded  way  for  the  Ilolston  Valley  Railroad  passes  the 
mill  and  the  track  construction  work  is  only  a  few  miles  distant. 

Fishdam  Creek  enters  the  river  at  the  elbow  of  a  great  bend  known 
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locally  as  the  Horseshoe  Bend.  If  the  river  be  followed  the  distance 
around  this  bend  is  about  2  miles,  but  the  distance  across  the  narrow 
point  of  the  neck  is  only  about  200  yards.  This  neck  is  low,  being  at 
its  highest  point  only  from  40  to  60  feet  above  river  level.  From 
water  to  water  across  the  neck  there  is  a  fall  of  between  25  and  30 
feet,  as  determined  by  the  aneroid  barometer.  It  is  stated  that  this 
neck  has  been  leveled  over  and  the  difference  in  elevation  in  the 
water  surfaces  on  the  two  sides  determined  to  be  26  feet.  Should  it 
be  desired  to  develop  this  power,  a  tunnel  or  an  oi)en  canal  could  be 
made  across  the  neck  and  all  or  a  part  of  the  flow  easily  be  turned 
through  it.  On  the  north  prong  of  the  bend  the  river  is  rather  wide, 
but  a  low  dam  could  easily  be  built,  and  there  are  large  areas  of  well- 
protected  bottom  land,  lying  well  above  high- water  mark,  which  would 
afford  ample  room  for  the  necessary  buildings.  The  country  rock 
here  is  a  much  laminated  and  jointed  slate,  not  suitable  for  building 
purposes. 

The  next  shoal  on  the  river  is  just  above  the  mouth  of  Sharp  Creek 
and  the  Shady  Ford.  The  river  here  is  fuU  of  islands  large  and 
small,  and  the  fall  is  heavy,  being  about  20  feet  in  a  distance  of  less 
than  a  half  mile.  The  water  could  easily  be  carried  along  the  south- 
east bank  and  used  where  desired  along  the  river;  or  by  a  short  exten- 
sion the  race  might  be  carried  around  a  small  hill  and  Sharp  Creek 
be  used  as  a  tailrace.  The  west  bank  is  high  and  rocky,  with  numer- 
ous bluffs,  and  large  quantities  of  stone  suitable  for  rough  buildinj; 
operations  could  be  obtained  from  it.  Plenty  of  timber  is  to  be  found 
in  the  immediate  vicinity. 

Some  distance  above  this  shoal  and  about  a  half  mile  below  the 
mouth  of  Jacobs  Creek  there  is  a  shoal  having  a  fall  of  6  feet  in  20^) 
feet,  with  a  broad  bottom  on  the  west  side  and  a  high,  rocky  bluff  on 
the  east  side.    This  power,  however,  is  not  considered  of  importance. 

From  this  point  to  the  junction  with  the  Middle  Fork  the  river 
could  not  be  closely  followed,  but  several  localities  with  falls  of 
between  6  and  7  feet  were  noted,  the  first  one  about  3  miles  below  the 
forks.  About  a  half  mile  above  this  fall  there  is  a  similar  shoaU 
about  1  mile  below  the  forks  there  is  another,  while  immediately  above 
the  forks  there  is  one  having  a  fall  of  about  8  feet  in  100  yards  which 
could  easily  be  developed,  as  the  banks  are  very  high  and  steep.  The 
bed  of  the  river  is  in  solid  limestone  and  seemingly  is  very  rougrh,  but 
the  stone  in  the  bluffs  quarries  well,  and  a  considerable  quantity  hA< 
recently  been  taken  out  to  construct  the  piers  for  the  bridge  of  th*- 
new  railroad  from  Abingdon  to  the  Shady  Valley,  which  crosses  xhv 
river  at  this  point. 

About  a  mile  above  the  junction  with  the  Middle  Fork  is  GrlennV 
mill,  a  gristmill  using  about  24  horsepower,  which  is  developed,  by  a 
24-inch  turbine  working  under  a  head  of  7  feet.  There  is  a  loos>c 
rock  wing  dam  which  turns  a  small  part  of  the  water  behind  an  island. 
at  the  lower  end  of  which  a  log  dam  7^  feet  high  has  been  built,  from 
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which  a  wocxlen  flume  100  feet  loitg  carries  the  water  to  the  mill. 
There  is  never  any  lack  of  water  at  this  point,  and  high  water  inter- 
feres with  the  operation  of  the  mill  not  more  than  four  or  five  days 
in  the  year  on  an  average. 

Above  this  point  there  is  no  noticeable  concentration  of  fall  on  the 
South  Fork  until  the  mouth  of  the  Laurel  Fork  is  reached,  the  fall, 
though  large,  being  well  distributed. 

About  a  mile  above  the  mouth  of  the  Laurel  Fork  is  the  Rambos 
mill,  a  small  gristmill  using  an  8-foot  fall  and  an  unknown  amount  of 
power,  sufficient,  however,  to  operate  three  sets  of  stones.  The  dam 
is  of  timber  frames  planked  over  and  is  about  3  feet  high  and  150  feet 
long.  It  turns  a  small  part  of  the  water  into  a  race  about  200  yards 
long.     The  mill  is  old  and  considerably  out  of  repair. 

From  this  point  up  to  about  3  miles  below  the  village  of  Friendship 
there  are  no  mills  on  the  South  Fork,  though  several  small  mill  sites 
were  heard  of  which  in  the  past  had  been  occupied  by  small  gristmills 
which  have  been  washed  away  by  the  floods  to  which  the  stream  is 
subject.  About  3  miles  below  Friendship  was  the  best  site  heard  of 
on  this  part  of  the  river  and  the  only  one  visited.  This  is  known  as 
the  Buchanan  site,  and  it  is  stated  that  there  was  formerly  a  very 
|;^ood  gristmill  here,  but  nearly  all  vestiges  of  it  have  disappeared. 
The  fall  used  was  about  12  feet,  though  a  much  greater  fall  could  be 
made  available  by  the  construction  of  a  suitable  dam,  which  could  be 
made  from  40  to  50  feet  high  without  flooding  any  valuable  land. 

A  short  distance  above  Friendship  is  Vail's  mill,  a  combined  saw- 
mill, gristmill,  and  planing  mill,  using  78  horsepower,  which  is  devel- 
oped by  three  Success  turbines  of  24,  27,  and  30  inches  diameter, 
respectively,  all  working  under  a  head  of  12  feet.  The  miller  at  this 
mill  stated  that  he  had  measured  the  river  at  its  lowest  stage  and 
found  a  flow  of  8,000  cubic  feet  per  minute.  The  dam  is  of  timber 
frames  planked  on  the  upstream  side,  12  feet  high  and  144  feet  long, 
forming  a  pond  500  yards  long.  The  sawmill  has  a  capacity  of  6,000 
feet  B.  M.  per  day,  and  the  gristmill  a  capacity  of  30  barrels.  The 
year  round  there  is  plenty  of  water  to  run  all  of  the  machinery  in 
this  mill  at  the  same  time.  It  is  estimated  that  with  a  head  of  12 
feet  the  river  at  this  point  has  a  flow  sufficient  to  develop  145  net 
horsei)ower,  and  that  from  this  point  to  the  mouth  of  the  Laurel  Fork 
100  horsepower  could  be  developed  every  halt  mile. 

About  4  miles  above  the  Vail  mill  is  Love's  mill,  located  just  below 
the  Smyth  County  line.  This  also  is  a  combined  sawmill,  gristmill, 
and  planing  mill,  and  is  said  to  use  36  horsei>ower,  developed  by  a 
21 -inch  Success  turbine  rated  at  20  horsepower  when  working  under 
a  head  of  9  feet,  and  three  wooden  tub  wheels  developing  a  total  of 
abont  16  horsepower.  The  dam  is  of  timber  frames  planked  on  the 
upstream  face,  and  is  in  fair  condition.  It  is  9  feet  high  and  150  feet 
long.  It  backs  the  water  a  distance  of  three-fourths  of  a  mile,  there 
being  little  slope  in  the  river  above  the  dam  but  a  considerable  fall 
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just  below  it.     There  is  no  race,  a  wooden  flume  60  feet  long  carrying 
the  water  from  the  dam  to  the  wheels. 

The  next  mill  on  the  river  is  the  St.  Clair  roller  mill,  located  about 
2  miles  below  the  Holstein  mill,  at  Holstein  Mills,  in  the  area  known 
as  the  St.  Clair  Bottoms.  There  is  a  fall  of  about  10  feet  at  this 
place,  and  the  power  used  is  developed  b}'  one  20-inch  Success  tur- 
bine, rated  at  20  horsepower;  one  36-inch  Leffel  wheel.  Standard  pat- 
tern, rated  at  25  horsepower;  and  one  20-inch  Bumham  Brothers* 
wheel,  rated  at  20  horsepower;  making  a  total  of  65  horsepower  when 
all  of  the  machinery  at  the  mill  is  in  operation.  The  dam  is  a  timber 
crib  structure  planked  over  on  the  upstream  face,  7  feet  high  and  100 
feet  long,  backing  the  water  about  500  yards.  The  race  is  200  yards 
long  and  gives  a  fall  at  the  wheels  of  10  feet.  The  mill  is  rated  at  45 
barrels  per  day  and  has  a  capacity  of  between  200  and  300  feet  of 
lumber.  At  the  lowest  stages  of  flow  there  is  not  enough  water  in  the 
river  in  this  part  of  its  course  to  operate  all  of  the  machinery  in  the 
mill  at  the  same  time. 

The  next  mill  on  the  stream  is  the  Holstein  mill,  a  combined  saw- 
mill and  gristmill,  evidently  very  old  and  greatly  out  of  repair,  using 
a  fall  of  12  feet  and  an  unknown  amount  of  power.  This  site  is  a 
very  fine  one  for  a  small  plant.  The  dam  is  of  timber  frames  planked 
on  the  upstream  face,  and  is  veiy  leaky.  It  is  12  feet  high  and  nearly 
200  feet  long.  There  is  no  race,  a  short  wooden  flume  leading  the 
water  directly  to  the  wheels,  two  homemade  affairs  built  on  the  turbine 
principle  and  yielding  an  unknown  amount  of  power. 

About  100  yards  below  this  site  is  the  site  of  an  old  woolen  mill 
abandoned  about  ten  years  ago.  Here  there  was  a  9-foot  dam  about 
150  feet  long.  At  fii*8t  two  small  turbines  were  used,  but  these 
required  so  much  water  that  a  race  was  dug  from  the  dam  of  the 
upper  mill,  and  a  breast  wheel  14  feet  in  diameter  and  9  feet  face  was 
installed.  This  site  is  said  to  be  one  of  the  best  on  this  part  of  the 
stream,  suitable  for  any  kind  of  a  mill  but  particularly  adapted  for 
a  woolen  mill.  The  mill  property  includes  dwelling  houses,  scliool, 
and  church,  all  in  good  repair.  The  mill  building  has  been  torn 
down,  however,  and  any  power  development  would  have  to  be  made 
from  the  beginning.  The  valley  above  this  mill  is  more  hilly  and  is 
narrower  than  that  below,  which,  particularly  in  the  part  kno^^n  as 
the  St.  Clair  Bottoms,  is  very  broad,  being  4  miles  or  more  wide  and 
extending  back  in  a  gentle  rise  to  the  foot  of  the  mountains,  with 
practically  all  of  the  land  cleared. 

Above  this  there  are  no  mills  on  the  stream  until  the  Rye  Valley  is 
reached.  In  the  upper  part  of  that  valley  there  is  a  small  gristmill 
oi>erating  one  pair  of  stones  by  a  large  overshot  wheel  and  usin^  a 
very  small  amount  of  power.  It  is  only  5  miles  from  this  mill  to  the 
head  of  the  stream,  and  above  it  the  river  is  too  small  to  furnish 
power  in  appreciable  quantities,  althoua:h  throughout  the  upper  part 
of  the  stream,  from  the  St.  Clair  Bottoms  to  the  head  of  the  river,  the 
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fall  is  very  great,  the  stream  being  almost  one  continuous  rapid.  As 
determined  by  the  aneroid  barometer  the  fall  between  the  end  of  the 
big  bend  immediately  below  the  Rye  Valley  and  the  first  ford  below — 
a  distance  of  about  1  mile — is  20  feet;  between  that  point  and  the 
mouth  of  Pomer  Creek  it  is  30  feet;  between  Pomer  Ci*eek  and  the 
river  surface  2  miles  above  Holstein  Mills  it  is  140  feet;  and  between 
the  latter  place  and  the  ford  below  the  old  woolen  mill— a  distance  of 
about  2|  miles — it  is  150  feet.  Through  the  St.  Clair  Bottoms  the  fall 
is  much  less,  but  it  is  still  large,  and  there  are  many  places  where 
falls  of  from  10  to  15  feet  could  be  utilized  by  the  construction  of 
dams  of  suitable  height. 

TRIBUTARIES    OF    SOUTH    FORK    OF    HOLSTON     RIVER    BELOW 

JUNCTION   WITH   THE   MIDDLE   FORK. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  drainage  basins  of  all  the  imx)ortant 
tributaries  of  the  South  Fork  were  visited  and  measurements  were 
made  of  mast  of  them.  The  results  of  the  measurements  on  the  tribu-. 
taries  below  the  junction  with  the  Middle  Fork  are  given  in  the  fol- 
lowing table,  in  order  upstream: 

Discharge  measurements  of  tributaries  of  South  Fork  of  Holston  River  below 

junction  with  the  Middle  Fork, 


Date. 


1900. 
Sept.  85 


Stream. 


Hatcher  Creek 


Jnly  20    Sinking  Creek 


July  29 
Sept.  25 
T>o.. 
July  20 
Sept.  25 
July  20 
Sept.  25 
Jtily  20 
S«pt.:JK 
July  21 
Sept.  26 
July  21 
Sept.  27 
July  21 
Sept.  27 
July  21 

July  23 

Sept.  27 
July  21 


Sept.  27 
July  23 

Sept.  27 


do 

do 

Thomas  Creek.. 
Riddle  Creek... 

do 

Jonah  Creek 

do 

Fishdam  Creek. 

do 

Sharp  Creek 

do 

Jacobs  Creek ... 

do 

Spring  Creek... 

do 

Wolf  Creek 


do 

.  ...do 

Denton  Valley 

Creek. 

do 

Plf  teenmile 

Creek. 
do 


Locality. 


Hydrographer. 


One-half  mile  above  mouth,  Ten- 
nessee. 

One- half  mile  above  Paperville, 
Tenn. 

At  month,  Tennessee 

.....do 

Below  railroad  bridge, Tennessee. 

At  mouth,  Tennessee 

do 

do 

do 

do 

.....do 

do 

...do 

do 

do 

1  mile  above  mouth,  Virginia 

do 

Lower  ford  of  main  road  up  tbe 
river,  Virginia. 

do 

do 

At  month,  Virginia 


do 
do 

do 


E.  W.  Myers  . 

L.V.  Branch. 

E.  W.  Myers  . 

do 

do 

do 

do 

L.  V.  Branch. 
E.  W.  Myers . 

do 

L.  V.  Branch. 
E.  W.  Myers . 

do 

L.V.  Branch. 
E.  W.  Myers . 
L.  V.  Branch . 
E.  W.  Myers  . 
do 


L.V.Branch-, 
B.  W.  Myers  . 
L.V.  Branch. 

E.  W.  Myers  . 
L.V.  Branch. 


E.  W.  Myers 


Gage 
hei^t. 


Feet. 
5.92 

8.60 

4.92 
4.42 


Dis- 
charge. 


Sec. -ft. 
0.84 

3.48 

11.00 
9.09 
2.46 
2.00 
8.00 
4.00 
4.00 
5.85 
2.47 
1.16 
1.19 
2.07 
2.00 
13.00 
10.00 
7.00 

7.00 

12.24 

6.00 

4.04 
7.37 

10.46 


^OTB.— In  making  the  measurements  recorded  in  the  above  table,  bench  marks  were  estab- 
Jistied  and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
ixiAX>k  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering 
of  tihe  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  reverse 
of  the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an 
ixioT'ease  in  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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On  the  following  pages  are  given  brief  descriptions  of  the  drainage 
basins  and  water  powers  of  the  principal  tributary  streams  in  this 
portion  of  the  basin  of  the  South  Fork,  in  order  upstream. 

INDIAN  CREEK. 

The  first  tributary  investigated  was  Indian  Creek,  which  entiers  from 
the  south,  near  Bluff  City,  Tenn.,  and  has  a  total  length  of  about  7 
miles,  following  its  windings.  The  country  rock  observed  over  the 
basin  was  a  slate,  brownish-black  or  gray  in  color,  much  laminated 
and  broken,  striking  N.  70°  £.,  and  dipping  sharply  to  the  south,  from 
80  to  85  degrees  in  some  cases.  As  the  mouth  of  the  stream  wa»s 
approached  ledges  of  limestone  made  their  appearance  on  the  tops  of 
the  hills. 

For  the  first  2  or  3  miles  above  the  mouth  the  topography  consists 
of  low,  rounded  hills  and  broad,  flattened  swells,  cleared  to  the  top 
for  the  most  part,  and  under  cultivation  in  grain  or  grass,  the  area 
being  about  equally  divided  between  those  products.  The  w^oodland 
in  this  part  of  the  basin  amounts  to  only  about  10  per  cent  of  the  area,  * 
but  as  the  stream  is  ascended  the  hills  are  higher  and  more  rugged, 
with  steeper  side  slopes,  and  the  proportion  of  cleai'ed  land  is  mnch 
smaller,  being  not  more  than  one-third  in  the  upper  part  of  the  basin. 
Over  the  lower  part  of  the  area  the  woods  are  composed  almost 
entirely  of  hard-wood  trees,  but  near  the  headwaters  these  give  place 
to  pine. 

The  fall  of  the  stream  is  large,  being  between  450  and  500  feet,  aver- 
aging between  65  and  70  feet  to  the  mile.  Very  little  of  it  is  utilized, 
however,  but  there  are  three  small  mills,  each  using  from  10  to  12  feet 
and  operating  one  pair  of  stones  by  means  of  overshot  wheels. 
Although  these  three  mills  use  a  very  small  amount  of  power,  at  the 
time  the  stream  was  first  visited,  in  July,  1900,  it  was  carrying  too 
little  water  to  operate  them.  The  flow  at  the  mouth  was  estimated  to 
be  about  1  cubic  foot  per  second,  though  it  could  not  be  measured, 
owing  to  the  shape  of  the  channel.  The  hillside  slopes  vary  from  15 
degrees  near  the  mouth  to  50  or  60  degrees  near  the  head  of  the  stream. 

In  the  first  2  or  3  miles  above  the  mouth  of  the  creek  traces  of  three 
well-defined  stream  terraces  were  observed,  the  upper  one  teing  the 
uplands,  the  second  one  a  narrow  strip  of  level  land  lying  from  20  to 
25  feet  above  the  present  level  of  the  stream,  following  its  course  but 
from  100  to  150  yards  dist*\nt  and  sloping  down  very  sharply  to  the 
level  of  the  present  bottom  lands,  which  constitute  the  third  meinber 
of  the  series.     The  descent  in  many  cases  is  almost  vertical. 

Between  the  mouth  of  Indian  Creek  and  the  Dry  Branch,  the  next 
tributary  upstream,  is  an  old  mill  known  as  Worley's  mill,  not  now 
in  operation,  which  was  run  by  water  from  a  big  spring  or  sunken 
creek.  At  the  time  this  stream  or  spring  was  visited  it  was  carrying 
a  quantity  of  water  too  small  to  operate  the  mill,  but  the  discharjre 
was  estimated  to  be  approximately  2  second-feet. 
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DRY   CREEK. 

Dry  Creek,  or  more  properly  the  Dry  Branch,  is  the  next  tributary 
above  Indian  Creek,  and  like  that  stream  it  enters  the  river  from  the 
south.  It  has  a  total  length  of  about  4  miles.  The  drainage  area, 
which  consists  almost  entirely  of  gentle  swells  and  small  grass-covered 
slopes  or  hills,  is  largely  cleared  land.  At  the  time  the  stream  was 
visited  it  was  estimated  to  be  carrj^ng  about  0.25  second-foot,  the 
amount  being  too  small  to  measure. 

WEAVER  CREEK. 

Weaver  Ci'eek,  the  next  tributary  entering  from  the  south,  has  a 
total  length  of  l)etween  5  and  6  miles.  The  part  of  the  drainage  basin 
lying  near  the  river  is  very  similar  to  the  basins  of  Indian  Creek  and 
the  Dry  Branch  just  described,  but  as  the  stream  is  ascended  the 
country  becomes  rapidly  more  steep  and  broken,  on  account  of  the 
rising  spurs  of  the  Holston  Mountains.  It  is  estimated  that  two- 
thirds  of  the  total  area  drained  by  this  creek  is  cleared  land,  the 
the  greater  part  of  it  being  grass  covered.  The  discharge  was  esti- 
mated  to  be  about  0.5  cubic  foot  i)er  second,  the  quantity  being  too 
small  to  admit  of  measurement  with  a  current  meter. 

HATCHER  CREEK. 

The  next  tributary  is  Hatcher  Creek,  locally  known  as  Tow  String 
Creek.  At  the  time  of  the  first  visit,  in  July,  this  stream  was  dry, 
Ciirrying  no  wat-ef  for  a  mile  or  more  above  its  mouth ;  but  at  the 
time  of  the  second  visit,  September  25,  although  the  stream  discharged 
no  water  into  the  river  it  was  carrying  0.34  second-foot  about  a  half 
mile  above  its  mouth.  This  flow,  however,  sank  gradually  into  the  earth 
within  a  distance  of  about  100  yards.  The  discharge  was  gaged  just 
above  this  sink.  It  seems  probable  that  this  stream  would  begin  to 
discharge  water  into  the  river  when  carrying  a  small  quantity  more 
than  at  the  time  of  measurement.  Its  flood  discharge  is  about  4  feet, 
and  like  the  other  streams  in  the  region  it  rises  and  falls  rapidly. 

A  great  part  of  its  drainage  basin  is  in  forest,  and  the  character  of 
the  topography  is  much  bolder  than  that  of  the  areas  lying  farther  to 
the  west,  the  hills  rising  higher  and  the  slopes  being  much  steeper. 

MORRILLS  CREEK. 

The  next  stream  entering  the  river  is  Morrills  Creek,  which  is  about 
6  miles  long  and  drains  a  larger  area  than  any  of  the  foregoing  tribu- 
t^tries.  Near  its  mouth  the  character  of  the  topography  is  similar  to 
that  of  the  other  basins  described,  but  as  the  stream  is  ascended  the 
country  becomes  very  rough  and  broken  and  the  hillside  slopes  very 
rough,  rocky,  and  steep.     There  is  much  cleared  land  near  the  river. 
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but  SO  far  as  could  be  ascertained  there  is  none«uear  the  headwaters. 
Despite  its  large  drainage  basin,  the  amount  of  water  carried  by  this 
creek  at  its  mouth  at  the  time  it  was  visited  was  too  small  to  admit 
of  measurement  with  a  current  meter,  but  it  was  estimated  to  be 
about  1  cubic  foot  per  second. 

SINKING  CRBEK. 

The  next  tributary — the  first  of  importance  entering  from  the 
north — is  Sinking  Creek,  more  properly  known  as  Beidelmans  Creek, 
for  Sinking  Creek  is  properly  a  small  tributary  of  the  latter  stream. 
It  has  a  total  length  of  about  12  miles.  The  upper  part  of  its  basin, 
from  Paperville  to  the  head,  is  broad  and  flat,  consisting  of  low  ridges 
and  flattened  swells  cultivated  to  the  top,  from  85  to  90  per  cent  of 
the  area  being  cleared  land.  From  Paperville  toward  the  mouth,  how- 
ever, for  about  2  miles  the  hills  close  in  on  the  sti'eam,  there  is  con- 
siderable fall  in  the  channel,  and  practically  none  of  the  land  is 
cleared,  the  hillside  slopes  being  too  steep  and  rocky  to  admit  of  cul- 
tivation. Below  this  short  strip  the  character  of  the  country  is  similar 
to  that  of  the  upper  part  of  the  basin.  The  timber,  which  occurs 
largely  in  the  2-mile  stretch  just  noted,  is  almost  all  hard  wood,  and 
lumbering  is  an  important  industry.  So  far  as  known  there  are  no 
mines  or  minerals  in  the  basin,  though  large  deposits  of  iron  ore  are 
found  not  far  distant. 

There  are  a  number  of  mills  on  Sinking  Creek,  all  within  the  2-inile 
stretch  described,  where  the  stream  has  cut  its  way  through  the  Great 
Knobs,  leaving  a  very  rough  and  steep  channel.  The  first  one  is  about 
a  half  mile  above  the  mouth  of  the  creek  and  is  known  as  Beidelman^s 
mill.  It  is  a  small  gristmill  operating  two  sets  of  stones  and  using  a 
fall  of  about  8  feet,  the  power  being  developed  by  a  14-inch  turbine 
yielding  about  10  horsepower.  The  dam  is  of  wood,  about  2^  feet,  high 
and  100  feet  long;  the  race  is  about  100  yards  long,  in  earth  and  wooden 
flume. 

Some  distance  above  this  and  a  short  distance  below  the  village  of 
Paperville  is  Nutty's  woolen  mill,  which  uses  about  14  horseiK>^x^r, 
developed  by  a  14-inch  Little  Giant  double  turbine  working  under  a 
head  of  13  feet,  which  could  be  increased  to  16  feet.  This  mill 
operates  one  set  of  woolen  machinery. 

About  200  yards  above  Nutty's  mill  is  Bruce's  mill,  which  uses  a 
fall  of  35  feet  on  a  12-inch  James  Davis  turbine  yielding  12  horse- 
power and  operating  one  set  each  of  corn  and  wheat  stones  as  well 
as  sawmill  and  planing  machinery.  There  is  no  dam  at  this  mill,  the 
water  being  turned  directly  into  the  race.  There  is  plenty  of  water 
except  when  the  mills  above  close  down. 

About  200  yards  above  Bruce's  mill  is  the  planing  mill  operated  by 
J.  T.  Nutty,  where  about  14  horsepower  is  developed  by  a  13^-inch 
Burnham  turbine  working  under  a   17-foot  head,  which  is  used  to 
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operate  a  full  line  of  sash,  door,  and  blind  machinery.  The  dam  is  3i 
feet  high  and  3G  feet  long,  making  a  pond  200  feet  in  length.  There 
is  at  all  times  plenty  of  water  in  the  stream  to  develop  this  power, 
and  it  is  stated  that  the  fall  conld  easily  be  increaseii  to  24  feet. 

A  short  distance  above  the  Nntty  planing  mill  is  the  sawmill  oper- 
ated by  J.  H.  Maddox,  where  the  fall  is  18  feet,  about  10  horsepower 
being  developed  by  a  homemade  wheel  built  like  a  turbine.  The 
plant  consists  of  a  small  sawmill,  including  planer,  turning  lathe,  and 
a  pair  of  com  stones.  The  dam  is  60  feet  long  and  3^  feet  high,  back- 
ing wat-er  to  the  tailrace  of  the  mill  above,  a  distance  of  about  100 
yards.     The  race  is  of  wood  and  is  96  feet  long. 

One  hundred  yards  above  the  Maddox  mill  is  the  flouring  mill  of 
the  Farmers'  Milling  Company,  located  in  the  village  of  Paperville. 
This  is  a  40-barrel  roller  flour  mill  operated  by  an  18-foot  overshot 
wheel  of  4i  feet  face,  which  is  said  to  furnish  20  horsepower.  The 
flow^  of  the  stream  at  the  time  of  the  visit  in  July  was  said  to  be 
sufficient  to  operat/C  the  mill  only  about  half  the  time,  but  for  nine 
months  of  the  year  the  stream  furnishes  water  sufllcient  to  run  the 
mill  night  and  day.     A  gaging  was  made  of  the  water  in  this  flume. 

The  next  mill  is  about  one-fourth  of  a  mile  above  Paperville  and 
about  2^  miles  below  Bristol.  It  is  known  as  the  Rutherford  mill,  and 
is  a  gristmill  operating  one  pair  of  wheat  stones.  The  dam  is  of  wood, 
8  feet  high,  and  gives  a  fall  of  11  feet  at  the  mill,  through  a  wooden 
race  about  100  feet  long.  The  power  is  developed  by  a  20-inch  New 
American  turbine  yielding  15  horsepower.  It  is  stated  that  there  is 
generally  sufficient  water  in  the  sti'eam  to  operate  this  mill  all  of  the 
time,  but  when  visited  in  July  the  flow  of  the  ci'eek  was  insufficient 
to  operate  it  more  than  a  very  small  part  of  the  time.  The  miller, 
who  had  known  the  stream  many  years,  stated  that  it  was  at  a  lower 
stage  than  at  any  time  within  his  recollection. 

The  total  fall  of  the  creek  between  Rutherford's  mill  and  Nutty's 
woolen  mill  is  said  to  be  approximately  135  feet;  by  aneroid  measure- 
ment it  was  determined  to  be  130  feet.  The  fall  used  by  the  several 
mills  aggregates  121  feet,  all  within  a  distance  of  loss  than  a  mile. 

THOMAS   CREEK. 

The  next  tributarj^  entering  also  from  the  north,  is  Thomas  Creek. 
Its  drainage  basin  is  level  to  gently  rolling,  and  is  from  85  to  90  per 
cent  cleared  land,  a  very  large  proportion  of  which  is  grass  covered. 
At  the  time  of  the  July  visit  it  was  thought  that  the  stream  was 
carrying  too  little  water  to  be  measured  with  a  current  meter,  but  at 
the  time  of  the  September  visit  the  creek  was  somewhat  higher  and 
w^as  gaged  a  few  hundred  yards  above  its  mouth.  It  was  carrying 
2.46  second-feet.  The  flood  rise  is  about  5  feet.  There  is  one  small 
comhined  sawmill  and  gristmill  on  the  stream,  using  a  small  amount 
of  power,  developed  by  an  overshot  wheel.  Formerly  there  was  a 
mill  near  the  mouth  of  the  creek,  but  it  has  been  torn  down. 
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RIDDLE  AND  JONAH  CREEKS. 

The  next  two  tributaries  entering  from  the  south  are  known  as 
Riddle  Creek  and  Jonah  Creek,  respectively.  These  are  two  small 
streams  of  about  the  same  size  and  having  drainage  basins  of  the 
same  general  character.  Much  of  the  timber  has  been  cut  from  the 
area  drained  by  them,  and  the  proportion  of  cleared  and  cultivated  lan<l 
is  about  one-third  of  the  whole.  The  forest  growth,  or  more  properly 
the  undergrowth,  on  the  remainder  of  the  area  is  very  sparse,  owing 
to  extensive  lumbering  operations.  It  is  said  that  since  the  lumber- 
ing began  the  streams  are  much  more  flashy,  falling  much  lower  and 
rising  higher  and  more  rapidly,  and  that  the  floods  are  much  more 
destructive  than  formerly.  These  streams  attained  their  minimum 
stage  of  flow  during  the  summer  and  fall  of  1900.  The  average  rise  at 
the  mouth  of  each  is  from  4  to  5  feet.  Corn  is  the  principal  pro^lnct 
of  the  basin,  and  no  mines  or  minerals  of  any  kind  are  known. 

FISHDAM  CREEK. 

The  next  tributary,  which  enters  the  river  from  the  east,  at  the  head 
of  the  Horseshoe  Bend;  is  Fishdam  Creek.  It  drains  an  area  entirely 
forest  covered,  excepting  a  few  acres  at  its  mouth.  The  immediate 
valley  is  very  narrow  and  swampy  and  is  covered  with  dense  laurel 
thickets.  The  hills  are  steep  and  at  the  lower  end  of  the  valley  are 
very  high  and  mountainous.  The  country  rock  of  the  basin  is  slaty 
in  character.  The  stream  seems  to  have  a  large  low-water  flow,  and 
is  said  to  be  less  flashy  than  Jonah  Creek  or  Riddle  Creek,  whose 
basins  have  been  deforested,  but  active  preparations  are  now  being 
made  to  cut  the  timber  in  this  area  also.  The  Holston  Valley  Rail- 
road is  being  graded  along  its  course  as  rapidly  as  possible,  an<l  after 
that  is  completed  the  timber  will  rapidly  disappear.  Fishdam  Creek, 
like  all  other  streams  in  this  section  of  country,  reached  its  lowest 
stage  during  the  summer  and  fall  of  1900.  During  floods  the  rise  at 
its  mouth  is  about  4  feet  above  its  average  water  level. 

SHARP  CREEK. 

Sharp  Creek  also  enters  the  river  from  the  east.  It  is  a  small  stream 
draining  an  inconsiderable  area,  the  largest  part  of  which  is  in  forest, 
although  there  is  considerable  cleared  land  near  the  mouth  of  the 
stream,  where  the  hillside  slopes  are  gentle,  ranging  from  10  to  15 
degrees.  As  the  stream  is  ascended  the  hills  are  steeper  and  there  is 
no  cleared  land.  The  cleared  land  in  the  basin  amounts  to  about  om^ 
thii*d  of  the  area.  On  it  flne  vegetables  and  fruits  can  be  grown, 
grapes  thriving  especially  well.  Much  of  the  pine  and  poplar  has 
been  taken  out  of  the  forests,  but  the  oak,  beech,  and  chestnut  remain. 
Considerable  tan  bark  has  been  stripped,  but  very  little  has  been 
taken  out. 
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The  slopes  of  the  mountain  sides  are  steep,  being  in  some  crises  00 
degrees  or  more,  and  they  are  often  covered  with  angular  fragments 
of  broken  stone  ranging  in  size  from  bits  a  few  inches  in  diameter  to 
blocks  several  feet  across.  The  soil  of  the  mountain  slopes  seems 
composed  entirely  of  vegetable  mold,  which  is  mingled  with  these 
fragments.  Near  the  tops  of  the  mountains  there  is  very  little  rock, 
the  surface  being  covered  with  vegetable  matter,  black  and  moist,  and 
the  forest  growth  being  very  dense  and  luxuriant,  composed  for  the 
most  part  of  oak,  with  small  quantities  of  chestnut,  hemlock,  and 
spruce.     The  stream  is  subject  to  fluctuations  of  about  6  feet. 

The  first  mill  on  the  creek  is  Lawson's  mill,  a  small  gristmill  operat- 
ing a  single  pair  of  stones  by  means  of  a  small  flutter  wheel  which 
yields  an  unknown  amount  of  power.  There  is  a  fall  of  14  feet  avail- 
able at  this  mill,  but  the  quantity  of  water  is  very  small.  Moore  A 
Graham's  mill  is  a  small  sawmill  near  the  headwaters  of  the  creek. 
It  uses  about  14  horsepower  and  cuts  about  500  feet  of  lumber  a  day. 

Sharp  Creek  has  a  large  fall  and  there  are  many  sites  where  mills 
could  be  located. 

SPRING  CREEK. 

The  next  important  tributary  is  Spring  Creek,  which  enters  from 
the  north,  a  short  distance  above  the  boundary  line  between  Virginia 
and  Tennessee.  Its  drainage  basin  possesses  the  same  general  char- 
acteristics as  the  other  basins,  consisting  of  broad,  low,  and  rounded 
hills  and  ridges,  with  wide,  flat  spaces  between,  all  the  slopes  being 
very  gentle,  and  there  being  from  75  to  90  per  cent  of  cleared  land, 
the  larger  part  of  it  in  grass,  hay,  and  grain,  which  are  the  chief 
agricultural  products.  In  this  basin  limestone  is  the  country  rock 
and  slate  is  seldom  seen.  The  creek  has  periods  of  very  low  flow,  and 
during  floods  it  rises  rapidly  to  a  height  of  about  5  feet  above  its  low- 
water  level. 

The  first  mill  on  the  stream — Combes  &  Garrett's — is  about  a  mile 
above  the  mouth.  It  is  a  gristmill  containing  two  sets  of  buhrs,  two 
stands  of  rolls,  and  a  corn  mill,  the  machinery  requiring  about  10 
horsepower  for  its  operation.  The  power  is  developed  by  a  16-foot 
overshot  wheel  with  42  inches  face,  which  is  said  to  yield  16  horse- 
ix>wer.  The  dam  is  250  yards  above  the  mill  and  is  of  stone,  7  feet 
high  and  about  100  feet  long.  By  the  use  of  a  turbine  21  feet  fall 
<*oiild  be  obtained  at  this  place. 

King's  mill,  the  second  mill  on  the  stream,  is  2  miles  above  its 
mouth.  It  is  a  gristmill  operating  three  sets  of  buhrs  driven  by  a 
4:()-inch  Leffel  turbine  working  under  a  head  of  10  feet  and  yielding 
an  unknown  amount  of  power.  It  is  stated  that  8  horsepower  is 
sufficient  for  the  operation  of  the  machinery.  The  dam,  which  is  at 
the  mill,  is  of  timber  frames  planked  over  on  the  upstream  face,  and 
is  10  feet  high  and  30  feet  long,  giving  a  i)ond  30(3  yards  in  length. 
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Hawkins's  mill,  the  next  mill  above  the  King  mill,  is  a  sawmill  hav- 
ing a  capacity  of  about  2,000  feet  a  day,  using  an  unascertaiued 
amount  of  power,  which  is  developed  by  a  36-inch  turbine  working 
under  a  head  of  12  feet.  There  is  no  race,  the  dam,  which  is  of  stone, 
12  feet  high  and  35  feet  long,  being  located  at  the  mill.  It  is  said  that 
ordinarily  there  is  sufficient  water  in  the  stream  to  operate  this  mill 
all  of  the  time,  but  when  it  was  visited  in  July  the  entire  flow  of  the 
stream  was  leaking  through  the  dam. 

On  the  top  of  a  hill  by  the  roadside  just  before  Hawkins's  mill 
was  reached  three  or  four  potholes  were  noticed  which  had  been  worn 
out  in  the  solid  limestone,  the  country  rock  over  this  part  of  the  area. 
These  holes  were  unmistakably'  due  to  the  action  of  water  flowing  in 
a  stream  channel  for  a  considerable  i)eriod,  and  as  they  are  moPB  than 
100  feet  above  the  present  level  of  the  creek  they  would  seem  to  indi- 
cate material  changes  in  this  country  during  very  recent  geologic- 
times. 

JACOBS  CREEK. 

The  next  tributar}^  is  Jacobs  Creek,  which  flows  in  from  the  east 
and  drains  a  large  area  of  rolling  country,  slightly  broken  near  the 
river  but  very  rough  and  mountainous  near  the  headwaters.  Th<^ 
basin  is  largely  wooded,  in  a  very  heavy  forest  growth,  and  probably  less 
than  10  per  cent  of  the  land  is  cleared.  During  low  water  the  stream 
falls  to  a  very  low  stage,  and  during  floods  it  rises  about  5  feet  at  t\if 
mouth.  So  far  as  could  be  learned  neither  mineral  nor  lumber  indus- 
tries are  carried  on  in  this  basin,  nor  are  its  waters  used  to  operatt- 
any  mills. 

WOLF  CREEK. 

Wolf  Creek,  entering  from  the  north,  is  the  next  tributary.  It  is 
about  10  miles  long  and  drains  a  large  area.  The  valley  Ls  wide  an*! 
flat  and  is  almost  entirely  cleared  and  grass  covered.  Limestone  i> 
the  country  rock,  slate  being  seldom  seen,  though  an  occasional  Unlg' 
of  much  jointed  and  laminated  slate  was  noticed.  The  fall  of  thi* 
stream  seems  to  differ  greatly  from  that  of  other  streams  of  ili- 
region,  in  that  it  consists  of  a  succession  of  vertical  plunges  of  f  ron^ 
1  to  6  feet,  the  intervening  stretches  being  comparatively  still  an'* 
placid  water.  Along  the  upper  part  of  the  stream,  near  VanceV  niili, 
the  fall  is  very  great,  amounting  to  more  than  50  feet  in  1  mile,  whif 
above  and  below  that  point,  where  the  creek  flows  through  and  l>etwe«-' 
the  Great  Knobs,  the  fall  is  much  less. 

The  largest  fall  on  the  creek  is  a  few  yards  above  its  mouth,  and  i* 
said  to  have  been  measured  with  an  engineer's  level  and  to  be  alw-i- 
100  feet  in  100  yards;  the  aneroid  barometer,  however,  gave  it  soid*- 
what  less  than  that.     This  fall  is  the  site  of  the  flrst  mill  on  the  streas^ 
known  as  the  Falls  mill,  owned  by  Pitt  &  Nutty,  of  Stump,  Vi 
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Formerly  there  was  a  fine  mill  here,  but  of  late  years  it  has  been  suf- 
fered to  fall  into  disrepair.  At  the  time  it  was  visited  in  July,  how- 
ever, repairs  were  in  proj?ress,  and  it  was  stated  that  a  roller  flour 
mill  of  40  baiTels'  capacity  was  to  be  installed  at  once.  The  log  dam 
at  the  head  of  the  falls  is  8  feet  high  and  50  feet  long.  The  race  is 
about  100  feet  long  and  gives  a  fall  at  the  mill  of  36  feet.  The  power 
is  to  be  developed  by  a  12-inch  double  turbine,  which  will  yield  35 
horsepower  under  the  head  stated.  It  is  claimed  that  this  site  will 
develop  280  horsepower  the  year  round  by  using  all  of  the  fall,  but 
there  is  some  trouble  from  lack  of  water,  which  at  times  is  held  back 
by  the  mills  upstream  until  late  in  the  day. 

Vance's  mill,  the  next  one  on  the  creek,  is  about  2  miles  south 
of  Abingdon,  at  the  upper  end  of  the  gorge  referred  to.  It  is  a  small 
sawmill  and  gristmill  of  two  runs  of  stones,  the  sawmill  and  each 
pair  of  stones  being  operated  by  a  separate  overshot  wheel  about 
16  feet  in  diameter.  No  estimate  of  the  amount  of  power  necessary 
for  the  operation  of  the  machinery  could  be  obtained.  The  dam  is  a 
timber  structure  12  feet  high  and  100  feet  long,  and  is  very  leaky. 
The  race  is  a  wooden  flume  about  150  feet  long,  giving  a  fall  of  18 
feet  at  the  wheels.  This  power  could  be  greatly  increased  by  taking 
in  a  fall  of  about  6  feet  just  below  the  mill  and  using  all  of  the  water 
in  two  small  turbines. 

DENTON  VALLEY  CREEK. 

The  next  tributary  is  Denton  Valley  Creek,  one  of  the  largest 
streams  flowing  into  the  South  Fork.  For  the  first  3  miles  above 
its  mouth  there  is  a  large  proportion  of  cleared  land  in  the  basin, 
amounting  to  probably  one-third,  practically  all  of  it  grazing  land. 
In  even  the  cleared  areas  the  hillside  slopes  are  steep,  ranging  from 
15  to  30  degrees,  and  show  a  great  deal  of  exposed  rock,  everywhere 
a  limestone.  Farther  upstream,  however,  the  country  becomes  very 
rough,  rugged,  and  mountainous,  and  is  densely  forested,  with  a  soil 
that  is  seemingly  very  moist  all  of  the  time.  As  the  creek  is  ascended 
the  limestone  of  the  lower  part  of  the  basin  gives  place  to  a  slate, 
and  near  the  top  of  the  mountains  the  slate  is  replaced  by  a  sand- 
stone which  on  disintegrating  becomes  a  fine,  light-yellow  to  white 
sand.  This  stream  falls  very  low  and  has  a  maximum  rise  of  4^  to  5 
feet,  rising  and  falling  rapidly,  although  less  rapidly  than  others  in 
the  immediate  vicinity. 

There  is  but  one  smflll  mill  on  the  creek,  and  there  is  no  infonna- 
tion  concerning  it  at  hand.  Near  the  mouth  of  the  stream  are  the  re- 
mains of  an  old  bloomery  furnace,  seemingh'  out  of  operation  for  many 
years.  As  no  ore  was  heard  of  in  the  immediate  basin  it  must  havo 
been  brought  from  the  deposits  in  the  Shady  Valley,  which  can  be 
reached  from  the  head  of  the  stream. 
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FIFTEBNMILE  CREEK. 

Fifteenmile  Creek,  entering  the  river  from  the  north,  is  the  largest 
tributary.  Its  drainage  basin  seems  entirely  similar,  especially  as  tf» 
soil,  country  rock,  and  topography,  to  the  area  drained  by  Wolf  Creek. 
The  fall  occurs  in  the  same  succession  of  plunges  and  pools  as  noted 
on  the  latter  stream,  and  like  it  there  is  at  the  mouth  a  very  heavA* 
fall  in  a  short  distance,  in  this  case  amounting  to  between  135  and 
140  feet  in  about  1  mile.  In  this  part  of  its  course  the  creek  has  eiu 
away  a  deep  gorge,  and  all  of  the  fall  could  be  utilized  with  a  com- 
paratively small  expenditure  of  money.  The  flow  of  the  stream  is 
ample  to  furnish  a  large  amount  of  power  from  the  fall.  A  short 
distance  back  from  the  stream  the  country  is  flat  and  has  the  same 
general  characteristics  as  noted  for  the  limestone  areas. 

There  is  but  one  mill  on  this  stream.  It  is  at  the  head  of  the  fall 
mentioned  and  is  known  as  the  Parks  mill,  being  a  combined  sawmill 
aiid  gristmill.  The  latter  operates  two  sets  of  stones,  one  for  corn 
and  one  for  wheat,  the  power  for  both  being  furnished  by  one  wheel, 
a  16-foot  overshot  wheel  of  5-foot  face.  The  old  jig  sawmill  is  oper- 
ated by  a  small  flutter  wheel.  The  dam  is  a  timl)er-crib  structure 
planked  on  the  upstream  side,  and  is  8  feet  high  and  50  feet  long. 
The  race  is  short,  partly  in  excavation  and  partly  a  wooden  flume. 
It  is  stated  that  the  stream  never  falls  so  low  as  to  make  it  tfeeessarv 
to  use  all  of  the  water  in  the  operation  of  the  mill,  and  according  to 
the  best  information  obtainable  it  reached  its  minimum  stage  of  flow 
during  the  season  of  1900. 

TRIBUTARIES    OP    SOUTH    FORK    OF    HOLSTON    RIVER  ABOVE 

JUNCTION  WITH  THE  MIDDLE  FORK. 

DISCHARGE  MEASUREMENTS. 

All  of  the  important  tributaries  of  the  South  Fork  below  the  junc- 
tion were  visited  during  the  investigation,  and  measurements  weiv 
made  of  most  of  them,  the  results  of  which  are  given  in  the  following 
table,  in  order  upstream : 

Discharge  measurements  of  tributaries  of  South  Fork  of  llolston  River  ahove  jui^  - 

tion  tmth  the  Middle  Fork, 


Date. 


1900. 
July  28 

Oct.  3 
July  29 
Oct.  2 
Jnly  29 

Do  .. 
July  28 

Oct.    3 


Stream. 


Beaverdam 

Creek. 

do 

Whitetop  Creek. 

do 

Atcheson  Creek . 
Laurel  Fork  of 

Holston  River. 

do 

do 


do 


Locality. 


Damascus,  Va 
do 


At  mouth,  Virginia 

do 

Near  Head  of  Laurel,  Tenn 

One-half  mile  above  Laurel 

Bloomery,  Tenn. 

Near  Laurel  Bloomery,  Tenu 

One-half  mile  below  Damascus, 

Va. 
do 


Hydrographer. 


Oasie       D^ 
leiKht.  d 


Fee*. 
E.W.  Myers 11.  as 


.do 
.do 
.do 
do 
.do 


do 


12. 
5.47 
5.72 

2.06 
5.12 


L.V.  Branch :     a.  56 

£.  W.Myers 4.61 


I 


har^ 


i»y  • 
111'.  .»■ 

23  » 

asifi 
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Discharge  meojmrements  of  tributaries  of  South  Fork  of  Holston  River  above  junc- 
tion toith  the  Middle  J^orXr— Gontinned. 


Date. 


1900. 
July  28 

Oct.  2 
July  27 
Oct.  2 
July  27 
Oct.  2 
July  27 
Oct.  2 
July  27 

Oct.  2 
July  27 
Oct.  1 
July  27 
Oct.     1 


Stream. 


Locality. 


Bnsh  Creek. 


do 

MiU  Creek 

do 

Orose  Creek 

do 

St.  CUur  Creek  .. 

do 

Hogt r oug  h 
Creek. 

do 

Poxner  Creek 

do 

Jim  Scot  Branch 
do 


Pord  100  yards  above  montht  Vir- 
ginia. 

do 

One  mUe  above  month,  Virginia. 

do 

At  month,  Vix^nia 

do 

do 

do 

Lower  ford  of  main  road,  Vir> 
ginia. 

do 

At  month,  Virginia 

do 

do 

....do 


Hydrographer. 


L.  V.  Branch 

B.  W.  Myers . 
L.V.Branch. 
E.  W.  Myers . 
L.V.  Branch. 


E.W.Myers 

do 

do 


.do 

do 

do 

.do 

do 


Gage 
height 


Feet. 
8.63 


4.82 

4.43 

8.88 

C») 

5.76 

6.94 

0.87 


2.10 
2.29 


Dis- 
chax^^. 


Sec'ft. 
4.80 

2.00 
18.00 
13.08 

2.00 


8.27 
2.00 
9.00 

LOO 
89.00 
5.00 
4.13 
0.50 


•Almost  dry. 

Note.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  estab- 
lished and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering 
of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream— the  reverse 
of  the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  in- 
crease in  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 

On  the  following  pages  are  given  descriptions  of  the  drainage  basins 
and  water  powers  of  the  principal  tributaries  of  the  South  Fork  above 
the  junction  with  the  Middle  Fork,  in  order  upstream. 


LAUREL  FORK. 

The  first  important  tributary  of  the  South  Fork  above  the  junction 
with  the  Middle  Fork  is  the  Laurel  Fork,  or  Laurel  Creek,  as  it  is 
often  called,  which  rises  in  the  northwestern  part  of  Johnson  County, 
Tenn.,and  flowing  in  a  general  northerly  and  northwesterly  direction 
empties  into  the  South  Fork  about  4  miles  above  the  junction  with 
the  Middle  Fork,  being  joined  in  its  course  by  two  streams  as  large 
as  itself,  viz,  Beaverdam  and  Whitetop  creeks.  It  drains  a  rough, 
steep,  and  mountainous  area  containing  a  very  small  proportion  of 
cleared  land,  which  is  confined  to  the  small  tracts  lying  along  the 
stream  below  Damascus  and  to  the  broad  meadows  about  the  towns  of 
Head  of  Laurel  and  Laurel  Bloomery,  but  these  are  very  inconsider- 
able in  comparison  with  the  total  area  drained. 

Between  the  mouth  of  the  creek  and  the  first  ford  there  is  a  fall  of 
about  10  feet,  and  about  100  yards  above  this  ford  there  is  another 
fail  of  from  6  to  7  feet  over  rock  ledges  which  cross  the  stream  at 
right  angles.  Above  this  the  average  fall  per  mile  is  very  large,  and 
though  it  is  well  distributed  there  are  a  number  of  places  where  fine 
mill  powers  could  be  obtained  by  building  dams;  and  as  the  banks 
are  high  and  steep  and  the  slope  of  the  channel  is  great,  no  ara- 
ble land  would  be  flooded.  As  a  rule  the  banks  on  the  north  are 
precipitous  cliffs  of  limestono  from  100  to  160  feet  in  height,  while 
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on  the  south  side  the  banks  are  lower  and  in  places  wide  bottoms 
spread  out. 

There  is  a  fall  of  about  50  feet  between  Damascus  and  the  mouth  of 
Whit/ctop  Creek,  a  distance  of  about  2  miles.  The  valley  along  this 
stretch  is  quite  narrow  and  the  banks  are  high,  there  being  only  two 
or  three  strips  of  clearing,  which  lie  well  above  the  limits  of  high 
water  and  are  of  small  area,  from  three-fourths  of  an  acre  to  1  acre 
each.  The  hills  rise  steeply  from  the  river,  and  the  opportunitie^s  for 
building  high  dams  are  numerous. 

Above  the  mouth  of  Whitetop  Creek  the  fall  of  the  stream  is  very 
gi'eat,  being  between  265  and  270  feet  between  that  point  and  the  first 
ford  below  the  town  of  Laurel  Bloomery,  a  distance  of  about  4^  miles, 
making  the  average  fall  about  60  feet  to  the  mile.     Along  this  portion 
of  its  course  the  sti*eam  falls  continuously  over  ledges  and  bowlders, 
and  there  is  no  stretch  of  still  or  smooth  water.     In  places  the  fall  is 
greatly  concentrated.     The  valley  is  very  narrow,  and  the  hills  rise 
almost  perpendicularly  from  the  stream  to  heights  of  from  200  to  3(X) 
feet.     There  is  much  white  pine  and  spruce  throughout  this  section, 
and  there  seems  to  be  absolutely  no  cleared  land  upstream  from  the 
mouth  of  Whitetop  Creek  until  near  Laurel  Bloomery.     There  is  only 
one  small  tributary  stream  in  this  distance,  but  there  are  many  sprini^, 
and  the  stream  gains  a  large  amount  of  water  from  them  and  from 
seepage  between  the  rock  layers.     Near  Laurel  Bloomery  tlie  valley 
widens  out  and  contains  much  cleared  land,  practically  all  of  it  in 
grass.     The  site  of  the  only  furnace  is  about  a  half  mile  from  the 
lower  end  of  the  valley.     No  trace  of  it  remains,  however,  except 
remnants  of  the  log  dam  and  some  heaps  of  cinders. 

Between  Laurel  Bloomery  and  the  gap  or  divide  separating  the 
waters  of  the  Laurel  Fork  from  those  draining  into  the  Wataugra^  the 
general  appearance  of  the  valley  is  ver}'^  like  that  of  the  lower  part  of 
the  Holston  Valley,  consisting,  as  it  does,  of  broad,  low,  and  gently 
rolling  swells,  almost  entirely  cleared  and  grass  covered,  with  herds 
of  cattle  feeding  over  them  and  with  the  general  appearance  of  pros- 
perity which  marked  the  other  area.  The  upward  slope  is  ^adual 
and  the  whole  character  of  the  stream  seems  in  every  way  different 
from  that  of  the  lower  part  of  its  course. 

Although  power  in  large  amounts  could  be  obtained  almost  any- 
where on  the  Laurel  Fork,  very  little  use  has  been  made  of  its  waters. 
The  first  power  used  is  at  the  mill  of  A.  A.  M.  Mock,  about  14  miles 
above  the  mouth  of  the  stream.  This  is  a  combined  sawmill,  grist- 
mill, roller  mill,  and  flour  mill.  The  buildings  are  old  and  greatly 
in  need  of  repaira.  The  available  fall  is  10  feet,  and  the  water  is 
turned  onto  a  20-horsepower  Leffel  turbine,  used  in  the  opei-ation  i»f 
the  flouring  mill  and  the  gristmill,  while  an  old,  homemade  wheel 
operates  the  sawmill.  The  flour  mill  has  a  capacity  of  30  barrels  i>er 
day,  the  sawmill  a  capacity  of  less  than  1,000  feet.     The  daiu,  which 
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is  of  logs,  is  about  200  yaixls  above  the  mill  and  is  4  feet  high  and 
150  feet  across  the  top. 

The  first  power  development  in  the  valley,  near  Laurel  Bloomery,  is 
the  pii)e  factory,  which  uses  a  small  amount  developed  by  a  10-foot 
overshot  wheel  with  4  feet  face.  This  factory  manufactui-es  pii)e 
stocks  from  laurel  burls.  About  200  yards  above  this  is  a  small  grist- 
mill with  only  one  run  of  stones,  using  a  fall  of  10  feet.  Above  this 
^istmill  there  is  no  utilized  power  until  the  mouth  of  Gentry  Creek 
is  reached,  where  Robinson's  mill,  a  small  gristmill  of  one  run  of 
stones,  is  located,  taking  water  from  Gentry  Creek  and  using  a  fall  of 
about  10  feet  and  a  very  small  amount  of  power.  A  short  distance 
above  this  mill  on  Gentry  Creek  there  is  a  similar  mill  on  the  Laurel 
Fork.  As  far  as  the  mouth  of  Atcheson  Creek  the  fall  is  small  and 
there  are  no  mills,  the  creek  flowing  placidly  along  between  wide  and 
fertile  bottoms. 

Limestone  becomes  less  abundant  as  the  creek  is  ascended,  and 
much  gneiss,  quartz  rock,  and  sandstone  make  their  appearance,  while 
occasionally  a  thin  stratum  of  a  species  of  conglomerate  composed  of 
rounded  and  water- worn  pebbles  firmly  cemented  together  and  lying 
conformably  with  the  limestone  is  to  be  seen. 

The  Laurel  Fork  receives  two  large  tributaries  and  a  number  of 
small  ones.  The  first  tributary  of  importance  as  the  stream  is  ascended 
is  Beaverdam  Creek,  which  entei*s  just  below  the  village  of  Damascus. 

Beaverdam  Creek. — This  stream  rises  in  the  curious  elevated  valley 
l>etween  the  Holston  and  the  Iron  mountains  which  is  known  and 
famed  throughout  the  country  as  the  Shady  Valley.  Throughout  the 
greater  part  of  its  length  the  stream  is  inaccessible,  there  being  no 
roads  traversing  the  area,  which  is  very  rough,  rugged,  and  mountain- 
ous, and  is  entirely  forest  covered,  except  for  tlje  small  area  of  cleared 
land  in  the  Shady  Valley.  A  railroad,  however,  is  now  being  built 
a.long  the  creek  to  tap  the  forests  of  the  Shady  Valley,  and  the  country 
will  soon  he  opened  for  settlement  and  for  lumbering. 

There  is  only  one  mill  on  the  stream,  and  this  is  located  a  few  yards 
^i,lK>ve  its  mouth,  in  the  village  of  Damascus,  and  is  known  as  Wright's 
mill.  It  is  a  small  wood-working  shop  and  corn  and  chop  mill, 
requiring  about  16^  horsepower,  which  is  developed  by  a  16-inch  Little 
Oiant  turbine  working  under  a  head  of  16  feet  and  using  only  a  very 
Hmall  part  of  the  water  carried  by  the  stream.  The  race  is  a  wooden 
jiipe  1,000  feet  long,  which  follows  the  level  of  the  stream.  The  dam 
is  1  foot  high,  barely  sufficient  to  turn  aside  a  small  part  of  the  water, 
and  of  course  it  gives  no  pond.  At  the  time  the  stream  was  visited 
in  October  it  was  discharging  32.4  second-feet,  and  was  said  to  be  6 
or  8  Inches  above  its  extreme  low- water  mark.  The  flood  rise  at  this 
point  is  about  4  feet. 

Indications  seem  t.o  point  to  the  fact  that  the  Shady  Valley  was  at 
one  time  an  old  lake  bed,  or  at  any  rate  that  still  water  had  much 
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to  do  with  its  present  formation,  since  in  many  places  timber  is  fonnd 
buried  several  feet  below  the  surface  of  the  ground.  The  valley  floor  is 
rather  level,  though  seemingly  higher  in  the  middle  than  at  the  edges. 
The  soil  is  deep,  rich,  and  moist,  being  verj^^  swampy  in  places,  owing 
to  insufficient  drainage.  The  forest  growth  is  very  luxuriant,  chiefly 
white  pine  and  spruce,  though  some  chestnut  and  other  trees  are 
found,  some  of  them  of  great  size,  being  100  feet  to  the  first  limb.  It 
is  stated  that  the  timber  in  the  valley  will  average  10,000  to  12,0()0 
feet  B.  M.  per  acre,  and  that  some  tracts  will  run  as  high  as  50,000  feet 
per  acre.  In  the  swampy  areas  the  soil  seems  to  be  entirely  a  rich, 
black,  vegetable  mold,  in  many  places  very  acid  and  requiring  the 
application  of  lime  before  it  can  be  cultivated  with  success.  In  the 
higher  parts  of  the  valley  the  soil  is  of  a  light-yellowish  color,  with 
some  clay,  and  fine  crops  of  corn  and  wheat  are  produced.  The  lower 
part  of  the  valley  is  more  broken  and  hilly  than  the  upper  part,  and  the 
proportion  of  cleared  land  is  much  less,  diminishing  to  nothing  between 
2  and  3  miles  below  the  town  of  Shady.  The  Empire  Lumber  Company 
is  now  constructing  a  large  sawmill  in  this  valley.  All  bricks  neces- 
sary for  their  building  operations  have  been  burned  from  a  fair  qual- 
ity of  brick  clay  found  on  the  spot. 

Whitetop  Creek, — This  is  the  next  tributary  of  the  Laurel  Fork, 
entering  that  stream  about  2  miles  above  the  mouth  of  Beaverdam 
Creek.  It  drains  a  very  large  area,  which  is  entirely  forested,  the 
basin  being  covered  with  high  and  rugged  mountains  having  steep  and 
rocky  slopes.  The  fall  in  the  creek  is  sai4  to  be  very  great  and  to  be 
mucli  concentrated  in  places,  making  wild  and  picturesque  scenery. 
There  are  no  roads  traversing  the  basin,  with  the  exception  of  one 
leading  to  Whitetop  Mountain,  so  that  the  country  is  inaccessible 
unless  the  creek  be  waded.  At  the  time  of  the  July  visit  the  stream 
was  carrying  100  second-feet  of  water  and  was  said  to  be  5  or  6  inches 
above  its  low-water  level.  Its  extreme  flood  rise  is  between  6  and  7 
feet.  The  timber  found  in  the  basin  includes  all  of  the  varieties  usu- 
ally found  in  the  high  mountains,  and  the  country  rock  is  reporteil 
to  be  a  limestone  over  the  lower  part  of  the  area;  giving  place  to 
metamorphic  rocks  as  the  stream  is  ascended.  Some  of  the  higher 
mountains  on  the  borders  of  this  basin  are  said  to  be  among  the  most 
picturesque  in  all  the  mountain  region,  Whitetop  and  the  views 
obtainable  from  it  being  particularly  beautiful.  This  mountain  Ls  a 
summer  resort,  being  a  favorite  place  for  mountain  parties.  The 
construction  of  the  railroad  up  the  valleys  of  the  Laurel  Fork  and 
Beaverdam  Creek  will  in  a  measure  oi)en  the  valley  of  Whitetop 
Creek  also,  and  will  render  practicable  the  development  of  many  of 
the  water  powers  along  its  line.  This  will  probably  be  the  result, 
the  power  being  used  in  the  operation  of  small  flouring  mills,  which 
will  thus  be  enabled  to  find  a  market  for  their  products,  or  in  wood- 
working establishments,  for  which  this  section  offers  a  very  fine  field. 
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as  lUHterial  of  the  best  quality  exists  in  abundance  on  almost  every 
mountain  side.  A  beginning  in  this  direction  has  been  made  by  the 
establish  men t  at  Abingdon  and  at  Laurel  Bloomery  of  small  mills  for 
working  tlie  laurel  burls  into  pipe  shapes,  from  which  so-called  French 
briar  pipes  are  manufactured.  So  far  as  could  be  ascertained  there 
are  no  mining  operations  in  this  basin  and  no  minerals  occur  in  prof- 
itable quantities. 

ROSBNBAUMS  CREEK. 

Rosenbaums  Creek,  or,  more  properly,  Rosenbaums  Branch,  is  the 
next  tributai-y  of  the  South  Fork.  This  is  a  small  stream  not  more 
than  4  or  5  miles  long,  draining  a  harrow  valley  and  discharging  a 
quantity  of  water  too  small  to  be  measured  with  a  current  meter,  but 
which  was  estimated  to  be  about  0.5  second-foot  at  the  time  of  the 
visit  in  September.  This  is,  however,  not  the  discharge  from  the 
whole  area,  for  as  the  stream  was  ascended  the  channel  was  found  to 
be  perfectly  dry  less  than  a  mile  above  the  mouth,  though  the  stream 
was  carrying  an  appreciable  quantity  of  water  about  1^  miles  above 
the  mouth,  the  entire  flow  sinking  into  the  earth.  So  far  as  seen  the 
basin  consists  of  rather  low  hills,  grass  covered,  with  very  steep  slopes, 
40  degrees  in  some  cases.  The  proportion  of  cleared  land  is  large, 
iKiing  Iwtween  two-thirds  and  three-fourths  of  the  area,  and  is  con- 
fined to  a  strip  lying  along  both  sides  of  the  creek.  Much  of  the 
areiv — probably  more  than  one-half — is  in  grass,  the  remainder  being 
about  equally  divided  between  corn  and  wlieat.  The  country  rock 
seems  invariably  a  limestone,  and  the  soil  is  light  and  porous.  A 
small  amount  of  timber  is  being  cut  on  the  hills  rimming  the  basin, 
being  worked  by  a  number  of  small  mills  on  the  spot. 

WIDNER  CREEK. 

Widner  Creek  joins  the  South  Fork  about  2  utiles  above  the  mouth 
of  Rosenbaums  Creek,  and  though  the  area  drained  by  it  seems  to  be 
slightly  larger  than  that  drained  by  the  latter  creek,  and  a  larger  pro- 
portion of  the  basin  is  said  to  be  forested,  the  discharge  was  very 
much  less,  being  inappreciable  at  the  mouth,  the  onl}'^  place  where 
the  stream  could  be  seen. 

RUSH  CREEK. 

Rush  Creek,  the  next  tributary,  enters  the  South  Fork  about  2 
niiles  south  of  the  village  of  Friendship,  and  is  a  slightly  larger 
stream  than  either  of  the  last  two  described.  The  area  drained  is 
^'^ry  rough  and  mountainous,  and  is  about  two-thirds  forest  covered. 
At  the  time  it  was  visited,  on  October  2,  it  was  carrying  2  second-feet, 
and  was  said  to  be  at  its  lowest  known  stage.  Its  flood  stage  is  about 
'^  feet  higher. 
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MILL  CREEK. 

Mill  Creek,  the  largest  and  most  important  tributai-y  entering  the 
South  Fork  along  this  part  of  its  course,  was  gaged  about  a  mile 
above  its  mouth,  tlie  only  place  where  the  stream  could  be  reached, 
and  on  July  27  was  carrying  18  second-feet  and  on  the  2d  of  October 
13.03  second-feet.  The  drainage  basin  is  inaccessible  and  was  not 
visited.  Residents  of  the  locality  state  that  with  the  exception  of  a 
narrow  strip  along  the  creek  not  far  from  the  river  the  basin  is  ven- 
rough,  rugged,  and  steep,  and  is  entirely  forest  covered.  Much  less 
than  one-third  of  the  total  area  is  cleared  land,  ^llere  are  a  number 
of  large  springs  in  the  basin.  The  stream  was  stated  to  be  at  its 
extreme  low- water  flow  at  the  time  of  the  ()ctol)er  visit,  wiien  it  was 
carrying  13.03  s<>cond-feet.  The  average  flood  rise  is  alwut  4  feet, 
although  in  some  cases  it  has  been  as  great  as  5  and  (5  fet>t. 

GROSE   CREEK. 

Grose  Creek  is  a  small  branch  whicli  was  cari-ying  2  second-feet  on 
July  27,  but  was  almost  dry  at  the  time  of  the  October  visit.  Its 
drainage  basin  seems  to  differ  in  no  way  from  those  of  tlie  stream> 
entering  below  it. 

ST.  CLAIR  CREEK. 

St.  Clair  Creek  drains  perhaps  a  larger  i)roport.ion  of  cleare<l  land 
than  any  other  stream  in  this  vicinity,  all  the  land  along  it  beiuc 
cleared  to  the  foot  of  the  mountains,  but  probably  four-fifths  of  the 
entire  basin  is  in  forest.  This  stream  was  measured  near  its  mouth 
at  time  of  extreme  low  water,  on  October  2,  and  was  carrying  - 
second-feet.     The  rise  during  floods  is  about  4  feet. 

Considering  as  a  whole  the  area  drained  by  Widner,  Rush,  Gro>e, 
and  St.  Clair  creeks,  it  is  very  rough  and  mountainous,  with  st<H*p, 
forested  slopes,  the  small  proportion  of  arable  land,  which  amount^ 
to  less  than  one-flfth  of  the  area,  being  confined  to  narix>w  striii> 
bordering  the  creeks  and  immediately  along  the  river. 

WEDSTONE  CREEK. 

Wedstone  Creek  enters  the  river  from  the  south,  at  Holstieiii  Mill^ 
and  at  the  time  it  was  visited  it  was  carrying  a  quantity  of  water  t»» 
small  to  even  be  estimated.  Its  extreme  flood  height  is  alx)ut  3  ft^ ' 
above  its  low- water  stage.  Its  drainage  area  is  largely  cleare<l  laii»i 
the  forested  portion  being  less  than  that  of  any  of  the  other  l»i>in* 
mentioned  and  estimated  to  be  about  one-third. 

HOGTROUGH   CREEK. 

Ilogtrough  Creek,  the  next  tributary  above,  was  also  t.(>o  small  ^* 
measure  at  the  time  of  the  September  visit,  carrying  al>out  0.5  seciniJ 
foot  (estimated),  which  is  jirobably  the  minimum  flow.     The  flt>'-* 
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height  is  about  3  feet.  The  area  drained  is  for  the  most  part  rough  and 
steep,  and  the  proportion  of  cleared  land  is  very  small,  being  confined 
entirely,  so  far  as  could  be  ascertained,  to  the  first  2^  or  3  miles  above 
its  mouth  and  to  tracts  lying  within  200  or  300  yards  of  the  stream. 

There  are  two  small  mills  on  the  creek,  the  first  one  about  100 
yards  above  its  mouth,  being  a  small  sawmill  and  gristmill  known  as 
Pierce's  mill.  The  power  is  obtained  from  a  16-foot  overshot  wheel 
with  4  feet  face.  The  mill  operates  only  one  pair  of  stones,  grinding 
for  toll  only,  and  saws  an  extremely  small  amount  of  lunil>er.  About 
a  mile  above  the  mouth  of  the  creek  is  a  small  mill  operating  one 
pair  of  stones  by  a  IG-foot  overshot  wheel,  but  the  name  of  the  owner 
was  not  ascertained,  nor  any  data  regarding  the  jxjwer  developed. 

POMER  CREEK. 

Pomer  Creek  is  the  largest  tributarj'^  to  the  South  Fork  in  this  part 
of  its  course.  It  drains  an  area  rougher  and  steeper  than  any  of 
those  yet  described,  and  one  containing  a  smaller  proportion  of 
cleared  land.  The  cleared  area  is  confined  to  a  narrow  strip  along 
the  stream  close  to  its  mouth.  There  are  no  mills  on  the  creek,  so 
far  as  could  be  ascertained,  though  about  a  mile  above  its  mouth 
thei-e  are  evidences  of  a  mill,  which  was  probably  washed  away  by  one 
of  the  freshets  to  which  the  stream  is  subject.  This  creek  reached  its 
minimum  flow  in  the  fall  of  1900.  It  was  measured  on  Octol)er  1, 
when  the  discharge  was  5  second-feet.  The  flood  rise  is  about  4  ^eet. 
The  amount  of  water  carried  during  floods  is  very  great. 

This  was  the  last  tributary  investigated,  as  the  river  was  not  fol- 
lowed much  above  the  Rye  Valley,  and  was  too  small  at  this  point  to 
be  of  value  for  water-power  purposes.  There  is  but  little  sceneiy 
worthy  the  name  to  be  found  over  the  larger  part  of  this  area,  most 
of  the  country  presenting  a  very  quiet,  pastoral  type  of  beauty. 

MIDDLE    FORK    OF    HOLSTON    RIVER. 
PHYSICAL  FEATURES. 

The  Middle  Fork  rises  a  little  to  the  south  of  the  village  of  Old 
Mount  Airy,  Va.,  on  the  western  slope  of  the  Blue  Ridge,  in  the  val- 
ley l)etween  Walker  Mountain  on  the  north  and  the  Brushy  Moun- 
tains on  the  south,  and  flows  in  a  direction  generally  parallel  to  the 
course  of  the  South  Fork  until  a  few  miles  above  the  junction,  where 
it  turns  to  the  southwest.  Belo\^'  the  junction  the  sti-eam  continues 
its  general  southwesterly  course,  and  after  being  joined  by  the 
Watauga  it  unit^js  with  the  North  Fork  of  Holston  River,  near  the 
town  of  Kingsport,  Tenn.,  fonning  Holston  River,  which  is  in  turn 
joined  by  the  Nolichucky  and  the  Fi'ench  Broad  and  finally  unites  its 
waters  with  those  of  the  Little  Tennessee,  forming  a  system  which 
drains  southeastern  Virginia,  western  North  Carolina  (excepting  a 
small  portion  the  waters  from  which  flow  into  the  New  river  syste 
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eastern  Tennessee,  northern  Georgia,  and  northern  Alabama.    That 
part  of  the  area  lying  in  the  basin  of  the  South  Fork  is  mapped  on 
the  Roan  Mountain^  Bristol,  Abingdon,  and  Wytheville  atlas  sheets 
of  the  Geological  Survey.     The  area  drained  by  the  Middle  Fork  lies 
mostly  to  the  north  of  the  river,  the  distance  from  the  summit  of  the 
ridge  dividing  its  watershed  f  I'om  that  of  the  South  Fork  to  the  stream 
being  too  small  to  admit  of  the  formation  of  streams  of  considerable 
size.     The  general  character  of  the  country  is  similar  to  that  of  the 
area  drained  by  the  South  Fork  below  the  junction,  the  topography 
consisting  of  small  and  rounded  hills  and  ridges,  grass  covered  to  the 
top,  with  very  gentle  slopes  and  with  low  divides  between  the  small 
creek  wateraheds.     By  far  the  larger  part  of  the  area  is  cleared  land, 
the  woodland  amounting  to  probably  less  than  10  per  cent  for  that 
part  of  the  basin  lying  between  the  junction  and  the  mouth  of  Bear 
Creek.    Above  that  point  the  valley  becomes  very  narrow,  being  con- 
stricted between  the  slopes  of  the  two  peaks  forming  the  Brushy 
Mountains,  which  are  in  a  large  measure  wooded.     Throughout  the 
remainder  of  the  basin  the  wooded  areas  are  mostly  in  the  form  of 
small  groves  or  tracts  of  a  few  acres.    The  soil  is  seemingly  very  fer- 
tile and  is  light  and  porous,  though  some  areas  of  clay  were  found. 
Limestone  is  the  country  rock,  and  the  bed  of  the  river  is  also  in  that 
stone.    The  area  drained  by  the  Middle  Fork  constitutes  the  finest 
and  most  prosperous  farming  and  stock-raising  country  seen  during 
the  whole  investigation,  and  the  lands  are  held  at  a  high  valuation. 


DISCHARGE  MEASUREMENTS. 

During  the  investigation  a  number  of  measurements  were  made  of 
the  flow  of  this  stream  and  of  its  principal  tributaries.  The  nieasni-e- 
ments  made  on  the  Middle  Fork  are  given  in  the  following  table,  those 
made  on  its  tributaries  are  given  in  the  table  on  page  73. 

Discharge  measurements  of  Middle  Fork  of  Holston  River, 


Date. 


1900. 
Jnly  25 

Oct*^  i 
July  24 
Sept.  28 


Locality. 


Sevenmile  Ford,  Va 

Above  month  of  Bear  Creek,  Virginia 

do 

Five  miles  above  mouth,  Virginia 

do 


Hydr(^rapher. 


L.  V.  Branch 

do 

do 

E.W.Myer8. 
do 


Oage 

I>is- 

heiffht. 

cbarg^e. 

Peet, 

Sec./t 

13.00 

Tl  2 

6.23 

L<  '.«' 

7.00 

11   *' 

5.96 

1T^'« 

6.21 

11P>  i 

Note.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  est&ljlisiJbeii 
and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bencli  xnark  t>> 
the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering  of  tb- 
water  surface  and  a  corresix>nding  decrease  in  the  discharge  of  the  stream,  the  reverse  of  th- 
results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  ii 
the  gage  height  represents  an  increase  in  the  discharge  of  the  stream, 


WATER  POWERS. 


For  100  yards  above  the  junction  with  the  South  Fork  there  is  a.  f  nV 
of  about  8  feet  in  100  yards,  as  near  as  could  be  ascertained,  over  ^ 
very  rough  and  rocky  bed  formed  by  ledges  of  limestone  crossing  th'^ 
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river  at  right  angles.     High  and  steep  bluffs  rise  from  the  water's  edge 
on  both  sides  of  the  stream,  and  from  them  lai*ge  quantities  of  lime- 
stone conld  be  quarried.     A  railroad  crosses  the  stream  jiist  below  the 
shoals,  and  would  afford  ample  transportation  facilities.    This  locality 
would  repay  an  investigation  by  anyone  desiring  power  in  this  section. 
About  2i  miles  above  the  mouth  of  the  stream  there  is  a  fall  known 
as  Big  Shoals,  where  the  river  is  divided  by  several  islands,  the  largest 
of  which  is  about  an  eighth  of  a  mile  long.     In  one-fourth  of  a  mile, 
as  near  as  could  be  estimated,  there  is  a  fall  of  10  feet,  determined  by 
hand  level  and  aneroid,  and  near  the  head  of  the  shoals  there  is  a 
fall  of  about  4  feet  in  a  distance  of  100  feet,  and  an  abrupt  descent  of 
about  3  feet  at  the  foot  over  a  rock  ledge  crossing  the  stream  at  right 
angles.     On  the  south  side  of  the  river  broad  bottoms  extend  the 
length  of  the  shoals,  but  on  the  north  side  the  banks  are  high  and 
bluffy.     The  country  rock  close  to  the  river  seems  to  be  slate  of  two 
varieties,  one  hard  and  black,  the  other  soft  and  either  yellow  or  gray. 
Limestone  occurs  in  small  quantities  close  to  the  stream,  but  it  forms 
the  predominating  rock  of  the  uplands. 

From  the  mouth  of  Hogthief  Creek  to  De  Busk's  mill  the  river  is  a 
placid  stream,  with  very  little  fall.     The  rock  is  a  limestone  which 
quarries  well,  and  almost  all  of  the  country,  which  is  very  rolling, 
seems  to  be  cleared.    At  De  Busk's  mill  there  is  no  race,  a  wooden  flume 
taking  the  water  from  the  forebay  to  the  wheels.     The  dam  is  a  tim- 
ber structure  planked  on  the  upstream  face,  10  feet  high  and  168  feet 
long,  backing  the  water  about  2  miles.     The  mill  is  a  sawmill,  but  it 
also  contains  wood-working  machinery.     It  is  operated  by  a  3G-inch 
turbine  rated  at  30  horsepower  under  9^  feet  head,  and  has  a  capacity 
of  5,000  feet  of  lumber  per  day.    At  this  site  there  is  also  a  wheat 
mill  with  a  capacity  of  30  barrels  per  day,  consisting  of  three  double 
stands  of  rolls  operated  by  a  20-inch  Success  turbine  rated  at  25  horse- 
po'wer.     The  com  and  feed  mill  is  operated  by  a  homemade  wheel 
yielding  about  4  horsepower.     Sometimes  during  very  dry  seasons 
when  all  of  the  machinery  of  the  mill  is  in  operation  at  the  same  time 
the   whole  flow  of  the  stream  is  required,  as  the  dam  is  somewhat 
leaky,  and  at  times  the  pond  has  been  drawn  down  1  foot  during  a 
day's  run. 

Above  the  De  Busk  mill  and  as  far  up  the  stream  as  Chilhowie  there 
is  very  little  fall  in  the  river,  and  what  there  is  is  very  well  distributed, 
there  being  no  noticeable  concentration  at  any  place.  Thei-e  are  local- 
ities, however,  where  dams  from  10  to  15  feet  high  could  be  built,  but 
in  every  case  the  fall  obtained  would  be  that  due  to  the  dam,  and  the 
flooding  of  valuable  lands  above  would  prohibit  the  construction.  The 
bottoms  are  very  broad  and  lie  only  a  few  feet  above  the  level  of  the 
river.  The  river  receives  practically  no  drainage  throughout  this  part 
of  its  course,  one  stream  only,  Huttons  Branch,  being  large  enough  to 
ira^e.  The  country  rock  is  a  limestone,  and  the  land  is  practically  all 
:?learred  and  is  given  over  to  stock  raising  and  to  grain. 
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Above  Chilhowie  and  as  far  as  Sevenmile  Ford  there  is  no  concen- 
tration of  fall  in  the  stream,  and  the  country  preserves  the  same  gen- 
eral character,  except  that  the  bottoms  begin  to  grow  narrower  and 
the  hills  to  close  in  on  the  river  and  to  rise  higher  and  more  sharply, 
the  country  presenting  a  much  more  broken  appearance.  The  area  is 
not  so  largely  cleared,  there  being  probably  25  per  cent  of  woodland 
in  this  section.  The  stream  has  an  extreme  rise  of  12  feet  in  this 
part  of  its  course.  At  present  there  is  no  mineral  industry  hereabouts, 
though  several  years  ago  much  baryta  was  rained,  but  practically  all 
has  heen  taken  out  that  can  be  worked  at  a  profit. 

Glenn's  mill  is  the  first  mill  on  the  river  above  the  De  Busk  mill. 
It  is  just  above  the  mouth  of  Bj-ars  Creek,  and  is  a  combined  grist- 
mill and  sawmill  having  a  capacity  of  40  barrels  of  flour  per  twenty- 
four  hours,  and,  with  three  choppei-s,  requiring  about  46  horsepower. 
The  total  power  development  here  is  64  horsepower.  The  wheels  are 
homemade,  center  discharge,  built  on  the  turbine  plan,  and  of  20,  16, 
10,  and  6  horsepower,  respectively.  The  sawmill  contains  one  sash  saw 
requiring  for  its  operation  al)out  12  horsepower.  The  dam  is  of  timber 
frames  planked  over,  and  is  11^  feet  high  and  120  feet  long,  giving  a 
working  head  of  11  feet  at  the  mill  and  backing  water  about  three- 
fourths  of  a  mile.  It  is  stated  that  thei'e  is  always  sufficient  water  to 
operate  all  of  the  machinery  in  this  mill  at  tlie  same  time,  though  the 
dam  is  somewhat  leaky. 

The  next  power  on  the  stream  is  about  one-fourth  of  a  mile  below 
the  town  of  Marion  and  is  owTied  by  Messrs.  Look  &  Lincoln,  who 
state  that  a  fall  of  10  feet  can  be  obtained  by  building  a  dam  of  that 
height,  and  that  no  arable  land  would  be  flooded. 

Look  &  Lincoln's  mill,  the  next  power  above,  is  in  the  lower  end  of 
the  town  of  Marion.  Wagons,  plow  handles,  and  wagon  materials 
are  manufactured.  There  ai*e  two  dams,  the  upi)er  one  of  stone 
for  half  its  length  and  of  wood  for  the  remainder,  9^  feet  high  and 
110  feet  long,  the  water  being  turned  directly  into  a  33-inch  Success 
turbine  developing  about  30  horsepower.  It  is  estimated  that  with 
this  fall  from  40  to  45  horsepower  can  be  obtained  the  year  round. 
Just  below  this  dam  the  river  makes  a  very  abrupt  bend,  and  aboat 
150  yards  below  the  upper  dam,  if  the  coursaof  the  river  be  followed, 
or  40  yards  in  a  straight  line,  is  the  lower  dam,  belonging  to  the  same 
firm.  This  dam  is  8  feet  high  and  100  feet  long,  made  of  timber 
frames  planked  over,  and  backs  the  water  to  the  foot  of  the  upper  dam. 
The  water  is  led  direct  to  a  36-inch  turbine  yielding  alK)ut  20  horse- 
power, which  is  used  occasionally  to  operate  two  sets  of  corn  stones 
and  a  turning  lathe.  A  steam  engine  of  100  horsepower  is  also  used  in 
the  wagon-material  department.  The  whole  mill  has  a  capacity  of 
about  300  farm  wagons  annually  and  about  2,000  pairs  of  plow  handles. 

In  the  upper  end  of  the  town  of  Marion  is  Hull  &  Staley's  mill, 
which  has  a  capacity  of  75  barrels  of  flour  per  day.  The  dam  is  one- 
fourth  of  a  mile  above  the  mill,  and  is  of  timber  frames  planked  ov^er. 
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It  is  12  feet  high  and  gives  a  head  of  20  feet  at  the  mill.  There  are 
two  turbines,  one  a  SO^-inch  Tieffel  developing  32  horsepower,  the 
Other  a  24-inch  Success  wheel  developing  18  horsepower,  and  it  is  said 
that  in  seasons  of  low  water  the  entire  flow  of  the  stream  is  necessary 
to  operate  the  larger  wheel. 

About  3  miles  above  Marion  is  the  Mount  Cannel  mill,  a  flouring 
mill  with  a  capacity  of  50  barrels  per  day,  using  al)out  32  horsepower, 
which  is  developed  by  two  30J-inch  Lefl'el  turbines  working  under  a 
head  of  9  feet.  There  is  no  race,  the  mill  being  built  at  the  dam, 
which  is  new,  of  timber  frames  planked  over,  9  feet  high  and  125  feet 
long,  backing  the  water  about  400  yards.  The  miller  estimates  that 
in  the  driest  seasons  there  is  in  the  stream  only  water  sufiieient  to 
develop  16  horsepower  with  this  head.  He  also  stated  that  a  portion 
of  the  water  carried  by  the  stream  sinks  into  its  bed  between  this  mill 
and  the  town  of  Marion,  but  no  evidence  of  this  was  seen. 

There  are  no  other  mills  or  mill  sites  between  the  Mount  Carmel 
mill  and  tlie  mouth  of  Bear  Creek,  althougli  the  fall  is  considerable, 
and  from  the  configuration  of  the  country  it  seems  probable  that  at  a 
number  of  localities  small  amounts  of  power  could  be  developed. 
The  north  side  of  the  river  is  very  steep  and  bluffy,  and  on  the  south 
side  the  bottoms  are  higher  above  the  river  level  tlian  at  any  other 
place  along  the  stream.  Considerable  limestone  has  been  quarried 
in  this  vicinity,  the  greater  part  of  it  going  to  the  alkali  works  at 
Saltville,  Va. 

TRIBUTARIES  OF  MIDDLE  FORK  OF  HOLSTON  RIVER. 


DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  following  measurements  were  made  of 
the  important  tributaries  of  the  Middle  Fork : 

Discharge  measureitients  of  trilmtaries  of  Middle  Fork  of  Holston  River. 


Date. 


1900. 
July  24 


^ 


>t.29 
\o  .. 

Do-. 
^July  23 
Sept.  29 
July  25 
^=;ept.29 
Jnly  25 
«ept.2fl 
July  25 

Oct.     1 
.jQly  25 
Do  -. 
dkjt.    1 


Stream. 


L<xuility. 


Ho^rthlef  Creek. 


do 

Cedar  Creek 

Halls  Creek 

Buttons  Branch. 

do 

Walker  Creek... 

do 

Byars  Creek 

do 

Hungry  Mother 
Creelc. 

do 

Staleys  Creek  ... 

Bear  Creek 

do 


One-half  mile  above  month,  Vir- 
ginia. 

do 

At  month,  Virginia 

do 

do 

do 

50  yards  above  mouth,  Virginia  . 

do 

At  mouth,  Virginia 

do 

Ford  of  main  road  from  Marion, 
Va. 

do 

Marlon,  Va .. 

At  mouth,  Virginia 

do 


Hydrographer. 


L.  V.  Branch 

E.  W.  Myers 

do 

do 

L.  V.  Branch 
E.  W.  Myers 

do 

do 

L.  V.  Branch 
E.  W.  Myers  , 
L.  V.  Branch 

E.  W.  Myers 
L.  V.  Branch 

do 

E.  W.  Myers 


Gage 
leighl 


e 

height. 


Feet. 


5.C)0 


1.73 
4.45 
4.43 

4.»<l 
4.89 
1.52 
1.58 
1.18 

1.17 
9.2»5 
6.W 
6.00 


Dis- 
charge. 


Svc./t. 
(X) 


5. 


5.00 
3.42 
17.:«J 
5.00 
5.00 
3.00 
9.(10 
4.00 
2.24 
2.45 

2.38 
14.32 

2.01 
3.00 


Note.— In  making  the  measurements  recorded  In  the  above  table  bench  marks  wore  estab- 
lished and  measurements  made,  by  means  of  a  steel  tape,  of  the  di8ta,nco  from  the  l^ench  i^ark 
-fco  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering  oi  the 
-vvater  surface  and  a  corresponding  decrease  in  the  di.sc;hargo  of  the  stream,  the  reverse  ox  the 
v*esults  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  increase 
%  Ml.  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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Descriptions  of  the  drainage  basins  and  water  powers  of  these  tribn- 
tary  streams  are  given  on  the  following  pages. 

HOGTHIEF  CREEK. 

The  first  tributary  of  the  Middle  Fork  of  sufficient  imx)ortance  to 
deserve  mention  is  Ilogthief  or  Sevenmile  Creek,  which  enters  the 
river  from  the  north,  at  Moab,  Va.,  and  has  a  reported  length  of  about 
7  miles,  although  as  measured  on  the  map  it  is  only  about  4  miles  long. 
The  greater  part  of  its  drainage  basin  is  cleared,  the  woodland  amount- 
ing to  probably  not  more  than  5  per  cent  of  the  area.     About  half  of 
the  cleared  land  is  in  pasture,  the  remainder  being  al)out  equally 
divided  between  com  and  wheat.     The  whole  basin  is  either  flat  or 
gentl}'  rolling,  though  it  contains  a  few  small  hills,  some  of  which 
are  wooded  to  the  top,  but  the  hillside  sloj)es  are  all  very  gentle. 
Limestone  is  the  country  rock  of  the  area.     When  the  sti'eam  was 
visited  (first  on  July  24  and  again  on  September  29)  it  was,  according 
to  all  obtainable  information,  lower  than  ever  before  known.     On 
both  occasions  it  was  discharging  5  second-feet.     It  is  stated  tliat  the 
maximum  rise  is  about  4  feet.     This  stream  is  now  much  more  fiashy 
in  nature  than  it  was  several  years  ago,  due  no  doubt  to  the  deforesta- 
tion of  its  headwaters  which  has  taken  place  within  the  last  few  years. 
Not  only  do  the  floods  rise  with  greater  rapidity  and  to  a  gi-eater  height 
than  formerly,  but  during  the  dry  seasons  the  creek  falls  to  much 
lower  stages,  despite  the  fact  that  it  is  fed  by  many  large  springs. 

The  first  mill  on  the  stream  is  Kendrick's  mill,  located  about  KXJ 
yards  above  its  mouth.     This  is  a  gristmill  of  two  runs  of  stones, 
operated  by  a  turbine  12  inches  in  diameter,  which  develops  20  horse- 
power under  a  head  of  27  feet,  though  it  is  probable  that  10  horse- 
power will  operate  all  of  the  macliinery  in  the  mill.     The  dam  is  about 
100  feet  above  the  mill  and  is  about  5  feet  high  and  25  feet  long,  built 
of  timber  frames  planked  over,  and  gives  a  very  small  pond.     Accord- 
ing to  the  statement  of  the  miller  the  stream  was  never  too  low  to  run 
the  mill  until  1899,  but  it  has  been  so,  except  at  intervals,  since  tliai 
time,  and  he  attributes  it  to  the  cutting  away  of  the  timber  from  th»- 
headwaters. 

CEDAR  CREEK. 

The  next  tributary  of  the  Middle  Fork  is  Cedar  Creek,  which  enters 
the  river  from  the  north,  about  3  miles  above  the  mouth  of  Hogthief 
Creek,  which  it  seems  to  resemble  in  every  respect.  Practically  all  oi 
the  area  drained  by  Cedar  Creek  is  cleared  land,  which  is  used  almost 
exclusively  for  grazing  purposes.  The  meadows  are  broad  and  fertile, 
and  the  grass-covered  uplands  are  nearly  level.  There  are  a  few 
small  hills,  but  they  have  very  gentle  slopes.  It  is  possible  that  thi> 
stream  may  fall  about  one-tenth  of  a  foot  lower  than  its  stage  at  the 
time  it  was  visited  (September  29),  when  it  was  discharging  3.42  see- 
ond-feet.     Its  maximum  rise  is  about  3  feet  above  its  low- water  mark. 
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HALLS  CREEK. 

Halls  Creek,  which  enters  the  river  a  short  distance  below  De  Busk's 
mill,  is  a  slightly  larger  stream  than  either  Hogthief  Cr^ek  or  Cedar 
Creek,  but  the  distinguishing  characteristics  of  its  drainage  basin 
seem  similar  in  every  respect  to  those  noted  for  the  other  creeks.  It 
falls  between  2  and  3  inches  below  its  level  at  the  time  it  was  visited 
(September  29),  when  it  was  discharging  17.36  second-feet.  During 
floods  it  rises  between  3  and  4  feet. 

HUTTONS  BRANCH. 

The  next  tributary  is  Huttons  Branch,  locally  and  more  properly 
known  as  Huttons  Creek.  This  stream  rises  on  the  southern  slopes 
of  Walker  Mountain  and  drains  a  very  small  area  of  wooded  land. 
The  rest  of  the  basin  is  cleared  and  is  used  almost  exclusively  for 
j^razing,  being  quite  level,  with  very  broad  bottoms  and  small,  gentle 
hills.  This  stream  was  visited  on  July  23  and  on  September  29,  and 
at  both  times  was  carrying  5  second-feet.  Its  high- water  rise  is  3  feet. 
There  is  one  mill  on  the  creek,  operating  a  single  pair  of  stones  by 
means  of  a  16-foot  overshot  wheel  and  using  a  very  small  amount  of 
power.  The  creek  forks  just  below  the  site  of  the  mill,  the  forks  being 
at  an  angle  of  nearly  180  degrees,  and  the  water  from  both  branches 
is  brought  to  the  mill  through  a  long  wooden  flume. 

CHILHOWIE  BRANCH  AND  CARLOCKS  CREEK. 

These  are  the  only  other  streams  in  this  section  carrying  an  appre- 
ciable amount  of  water,  and  their  discharge  was  much  too  small  to 
admit  of  measurement. 

WALKER  CREEK. 

Walker  Creek,  draining  the  southern  slopes  of  Walker  Mountain, 
is  the  next  tributary  of  the  Middle  Fork.  The  upper  part  of  its  basin 
is  rough  and  steep  and  is  practically  all  in  woodland,  but  immediately 
along  the  forks  there  are  considerable  areas  of  cleared  land,  and  below 
tliem  practically  all  of  the  basin  is  cleared.  Over  this  lower  part  the 
topography  is  similar  to  that  noted  for  the  streams  lying  farther 
clown  in  the  drainage  basin  of  the  main  stream,  except  that  the  hill- 
side slopes  are  somewhat  steeper  and  the  hills  a  little  less  rounded. 
The  creek  is  said  to  have  attained  its  minimum  stage  of  flow  during 
tlie  summer  and  fall  of  1900.  Its  flood  rise  is  about  4  feet.  There  are 
very  valuable  and  extensive  deposits  of  gypsum  in  this  basin,  but  they 
liave  l3een  very  little  or  not  at  all  worked. 

BYARS  CREEK. 

This  creek  enters  the  Middle  Fork  from  the  south,  about  4  miles 
l>elow  the  town  of  Marion,  Va.,  and  is  the  first  important  tributary 
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risinji:  in  the  area  between  the  Middle  and  South  forks.  Considerable 
of  the  land  in  its  basin  is  cleared  and  under  cultivation  or  in  grass. 
It  is  rather  smooth  and  level,  all  of  the  slopes  being  gentle.  Lime- 
stone Ls  the  country  rock,  and  it  has  been  quarried  in  large  amounts 
for  use  in  the  alkali  works  at  Saltville.  During  floods  the  creek  rises 
about  3  feet  at  its  mouth. 

HUNGRY  MOTHER  CREEK. 

The  next  tributaiy  is  Hungry  Mother  Creek,  on  the  southern  slopes 
of  Walker  Mountain.  The  upper  part  of  its  basin  is  a  very  rough 
and  rugged  country  of  extremely  steep  slopes,  containing  a  small  pro- 
portion of  cleared  land.  In  the  lower  part  of  the  basin  the  country  is 
much  more  broken  than  that  of  the  basin  of  any  tributary  of  the 
Middle  Fork  yet  described,  the  hills  rising  sharply  from  the  stream 
to  considerable  heights,  and  the  uplands,  which  downstream  were  a 
plain,  consisting  of  small  and  rugged  hilLs,  seemingly  not  more  than 
half  cleared.  In  this  part  of  its  course  the  valley  of  the  creek  is  very 
narrow.  Most  of  the  cleared  land  is  in  grass,  the  remainder  being 
cultivated  in  wheat;  and  although  much  of  the  area  near  the  mouth 
is  still  in  woodland,  it  seems  probable  that  these  areas  are  too  small 
to  have  very  great  effect  on  the  run-off.  The  soil  seems  shallow,  and 
there  is  much  exposed  rock  over  the  basin,  all  of  it  seemingly  a  lime- 
stone formation.  The  floods  on  this  stream  are  violent,  the  creek 
rising  5  feet  in  a  very  short  time,  but  the  periods  of  high  water  are  of 
short  duration,  owing  to  the  great  slope  of  the  stream  channel  and 
the  steepness  of  the  hillsides  over  the  basin. 

STALEYS  CREEK. 

Staleys  Creek,  entering  the  river  from  the  south,  within  the  limits 
of  the  town  of  Marion,  Va.,  is  the  next  tributary.  The  valley  of 
this  stream  so  far  as  seen  was  verj'^  largely  cleared,  probably  50  per 
cent  or  more.  The  lower  part  of  the  basin  is  rolling  and  grass  cov- 
ered, but  the  upper  part  consists  of  the  northern  and  eastern  slopes  of 
the  Pond  and  the  Brushy  mountains,  and  is  rough,  broken,  and  moun- 
tainous, the  slopes  being  very  steep  and  forest  covered.  The  lower 
part  of  the  basin  is  in  a  limestone  formation,  but  the  slopes  of  the 
mountains  are  of  sandstone.  About  4  miles  from  Marion,  in  the  val- 
ley of  this  stream,  is  an  iron  mine  owned  by  Mr.  J.  L.  Woodruff,  of 
Marion,  from  which  about  100  tons  of  ore  are  shipped  daily  to  the 
furnace  at  Pulaski,  Tenn. 

The  fall  of  the  stream  is  considerable  and  it  is  more  largely  used  for 
power  purposes  than  any  stream  of  its  size  in  the  region.  The  first 
fall  is  known  as  the  Old  Foundry  site.  A  fall  of  17  feet  can  be 
obtained  at  this  place,  yielding  about  20  horsepower.  The  site  is  now 
unoccupied,  but  a  small  wagon  factory  is  to  be  built  at  an  early  dat<e. 
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About  one-foui*th  of  a  mile  al3ove  the  Old  Foundry  site  and  practi- 
cally one-fourth  of  a  mile  above  the  mouth  of  the  creek  is  Seaver's 
planing  mill,  where  the  fall  is  18  feet,  and  it  is  said  that  18  horse- 
power is  developed  by  one  18-inch  Success  turbine.  The  race  is  a 
plank  flume  1,400  feet  lon^,  and  there  is  practically  no  dam,  only  a 
slight  obstruction,  just  sufficient  to  turn  aside  the  water  of  the  creek. 
The  mill  contains  wood-working  machinery  and  a  gristmill,  and  it  is 
said  that  the  stream  does  not  at  all  times  furnish  power  sufficient  to 
develop  the  horsepower  stated,  occasionally  falling  so  low  as  to  yield 
only  about  9  horsepower  with  18-foot  fall. 

Atkins  Brothers'  mill  is  4  miles  above  the  Seaver  mill  and  manu- 
factures spokes,  hubs,  pick  handles,  etc.,  and  saws  walnut  timber  for 
export.  It  uses  about  18  horsepower,  developed  by  an  18-inch  Suc- 
cess turbine  working  under  a  head  of  18  feet.  There  is  a  very  slight 
dam,  barely  sufficient  to  turn  th(»  water  aside.  The  water  is  led  to 
the  mill  by  a  plaiik  flume  2(H)  feet  long.  This  is  the  last  mill  on  the 
creek. 

BEAR  CREEK. 

Bear  Creek,  which  enters  the  river  from  the  north  about  5  miles 
above  Marion,  Va.,  drains  a  part  of  the  southern  slopes  of  Walker 
Mountain  and  the  northern  sloi)es  of  the  Brushy  Mountains.  The 
whole  area  is  extremely  rough  and  mountainous.  Probably  less  than 
one-third  of  it  is  cleared  land,  the  cleared  areas  being  confined  to  the 
comparatively  level  land  immediately  along  the  stream  and  to  some  of 
the  lower  and  more  gentle  slopes.  The  stream  probably  never  falls 
lower  than  the  point  reached  during  July  and  August,  1900,  when  it 
was  carrying  about  2  second-feet.  During  floods  it  rises  about  4  feet 
at  the  mouth.  Some  timber  has  been  cut  in  the  valley,  and  consider- 
able quantities  of  tan  bark  are  stripped  and  hauled  to  the  railroad  at 
Marion.     There  are  no  mills  on  this  stream. 

WATAUGA  RIVER. 
PHYSICAL   FEATURES. 

Watauga  River  rises  on  the  northern  and  eastern  slopes  of  Grand- 
father Mountain,  on  the  southern  boundary  of  Watauga  County, 
N.  C,  and  after  flowing  about  6  miles  in  a  northeasterly  direction 
is  joined  by  Boone  Fork,  a  stream  which  rises  on  the  eastern  slope 
of  'Grandfather  Mountain  and  flows  first  due  east  about  4  miles 
and  then  to  the  north  about  4  miles,  or  to  its  junction  with  the 
Watauga.  At  the  junction  the  river  changes  its  course  to  the  north- 
west, and  with  many  bends,  rapids,  and  falls  flows  through  Watauga 
County,  N.  C,  and  Johnson  and  Carter  counties,  Tenn.,  uniting  its 
waters  with  those  of  the  South  Fork  of  Holston  River  about  9  miles 
northwest  of  Johnson  City.  In  its  course  it  is  joined  by  many  tribu- 
taries.    It  drains  an  extensive  area,  a  large  part  of  which  lies  in  the 
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high  mountains.  The  basin  to  the  west  of  Carter,  Tenu.,  was  not 
examined,  being  well  out  of  the  mountains  and  of  the  same  general 
character  as  the  valley  of  Holston  River  already  described.  For  con- 
venience tlie  basin  has  been  divided  into  three  parts,  which  are  diflfer- 
entiated  by  very  well  marked  physical  characteristics.  The  divisions 
are:  (1)  The  area  l}ing  to  the  west  of  the  Iron  Mountains  on  the 
north  side  of  the  river;  (2)  the  area  lying  to  the  east  of  the  Iron 
Mountains;  and  (3)  the  area  lying  to  the  west  of  the  Iron  Mountains 
on  the  south  side  of  the  river. 

ABKA  LYING  TO  THB  WEST  OF  THK  IRON  MOUNTAINS  ON  THE  SOUTH  8IDB  OF  THE 

RIVER. 

This  portion  of  the  drainage  basin  of  Watauga  River  comprises  the 
areas  drained  by  Gap  Creek,  Powder  Branch,  Buffalo  Creek,  Sinking 
Creek,  and  Brush  Creek  and  is  some  distance  from  the  mountains. 
As  a  consequence  it  is  much  less  rugged  than  the  country  farther  to 
the  east,  is  better  adapted  to  agriculture,  and  a  great  part  of  the  land 
is  cleared,  hay  being  the  principal  product,  though  much  corn  and 
wheat  are  grown.  Most  of  the  area  drained  by  these  streams  is  either 
level  or  very  gently  rolling,  and  over  the  greater  part  of  it  probably 
about  90  per  cent  of  the  land  is  cleared,  the  woodland  being  confined  to 
the  tops  of  some  of  the  higher  hills  and  to  small  and  isolated  areas  on 
the  lower  but  less  fertile  tracts.  Of  the  total  area  drained  by  these 
streams  probably  more  than  75  per  cent  is  cleared.  The  soil  is  deep 
and  fertile  and  the  country  rock  is  without  exception  a  limestone. 

One  of  the  peculiar  features  of  this  area  is  the  large  number  of 
small  closed  drainage  basins,  or  sinks,  which  have  been  noted  in  other 
watersheds  of  the  region  and  which  here  occur  in  the  nearly  level 
uplands  dividing  the  basins  of  the  various  small  creeks.  These  sinks 
are  particularly  noticeable  for  their  size  and  number  near  Milligan, 
Tenn.,  at  which  place  occur  the  largest  seen  during  the  whole  inves- 
tigation, one  of  them  covering  an  area  estimated  at  10  acres  and 
having  a  large  pool  of  water  in  its  bottom.  This  locality  is  the  only 
one,  however,  over  the  whole  area  drained  by  Watauga  River  in 
which  these  basins  occur. 

AREA  LYING  TO  THE  WEST  OF  THE  IRON  MOUNTAINS  ON  THE  NORTH  SIDE  OF  THE 

RIVER. 

This  i)ortion  of  the  basin  includes  the  valley  of  Lick  Creek,  the 
areas  drained  by  several  small  branches,  the  large  valley  drained  by 
Stony  Creek,  and  a  part  of  the  high  and  rugged  area  covered  by  the 
Holston  Mountains.  The  latter,  however,  from  its  character  more 
properly  belongs  to  the  area  lying  to  the  east  of  the  Iron  Mountains. 

For  perhaps  a  half  mile  or  a  little  more  to  the  north  of  the  river, 
near  Carter,  the  country  is  very  hilly  and  rough,  with  steep  slopes, 
and  is  largely  wooded.     It  changes  gradually  as  the  level  of  the 
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uplands  is  reached  and  becomes  gently  rolling,  being  composed 
of  large  and  broad  swells  or  ridges  and  low,  flattened  hills  rising  from 
25  to  30  feet  above  the  level  of  the  valleys  between  them,  the  valleys 
being  generally  broad  areas  of  level  land.  The  hillside  slopes  are  very 
gentle,  ranging  from  5  to  10  degrees.  About  75  per  cent  of  the  area 
appears  to  be  cleared,  about  half  of  the  cleared  land  being  grass 
covered. 

Limestone  is  the  country  rock,  as  on  the  south  side  of  the  river,  but 
very  little  is  seen  exposed.  The  soil  is  deep  and  fertile,  that  in  the 
immediate  valleys  of  the  creeks  being  largely  alluvial,  while  on  the 
uplands  it  is  gray  or  yellow  in  color  and  loose  and  porous  in  character. 

The  forest  growth,  which  is  pine,  oak,  and  chestnut,  is  in  small 
areas,  which  as  a  rule  are  too  widely  separated  to  have  much  effect 
on  the  run-off. 

The  country  immediately  along  the  river  from  Carter  to  the  town 
of  Watauga  Valley  is  much  broken  by  a  number  of  large  hills,  which 
are  much  steeper  than  those  heretofore  observed,  but  just  above  the 
latter  place  these  recede  from  the  river,  leaving  the  general  appear- 
ance of  the  topography  similar  to  that  noted-  on  the  south  side  of  the 
stream,  though  a  little  more  broken  and  rough.  The  hills  are  the 
outliers  of  the  Holston  Mountains,  and  are  covered  with  a  dense  forest 
growth. 

Near  Elizabethton  the  bottom  lands  are  very  broad  and  fertile, 
extending  up  the  river  as  far  as  the  mouth  of  Stony  Creek.  The  val- 
ley of  the  latter  stream  is  of  considerable  width.  Immediately  along 
the  creek  and  on  the  first  bench  or  terrace  the  cleared  land  forms  a 
large  portion  of  the  area,  but  with  this  exception  the  basin  is  in  forest. 
The  cleared  land  is  said  to  amount  to  from  10  to  12^  per  cent  of  the 
whole,  this  being  all  that  is  fit  for  cultivation,  on  account  of  the  steep- 
ness of  the  slopes,  the  mountains  rising  very  sharply  from  the  valleys. 
They  all  are  heavily  timbered,  little  lumbering  having  been  done  in 
this  area. 

m 

AREA  LYING  TO  THE  EAST   OP  THE  IRON  MOUNTAINS. 

This  part  of  the  drainage  basin  of  Watauga  River  differs  very 
[greatly  from  the  areas  just  described,  being  rough,  rugged,  steep, 
and  mountainous,  containing  a  very  small  proportion  of  cleared  and 
cultivated  or  cultivable  land,  being  largely  covered  with  the  original 
forest  growth,  which  is  rank,  dense,  and  luxuriant. 

As  the  river  is  ascended  the  limestone,  which  was  the  country  ixxjk 
over  the  areas  just  described,  gives  place  to  slates,  shales,  schists,  and 
sandstones,  and  these  in  turn  to  granites  and  gneisses,  which  form  the 
country  rocks  over  all  of  the  basin  in  North  Carolina.  Away  from 
the  river  the  land  seems  to  be  about  one-fourth  cleared,  but  instead 
of  the  deep  and  fertile  surface  covering  seen  before  the  soil  is  shallow 
and  in  many  places  is  full  of  rock  fragments,  often  angular,  some- 
times rounded  as  if  waterworn,  and  in  many  places  a  stratum  of  these 
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f  ragmeiitH  2  or  3  feet  beneath  the  Hurface  is  seen  exposed  in  the  banks 
by  the  roadsides. 

Toward  the  North  Carolina  line  the  amount  of  cleared  land  dimin- 
ishes greatly,  the  mountains  rising  too  steeply  from  the  water's  edge 
to  admit  of  clearing.  As  the  river  is  ascended  the  valley  narrows  and 
the  mountains  rise  to  greater  heights,  often  showing  precipitous  walls 
of  bare  rock  several  hundred  feet  high,  forming  a  chasm  known  as  the 
gorge  of  the  Watauga.  An  occasional  small  clearing  may  be  found 
on  the  slopes  back  from  the  river,  where  the  country  is  less  rugged, 
and  on  these  settlers  try  to  wring  a  scanty  subsistence  from  the  stony 
soil;  but  as  a  rule  the  mountains  are  forested  to  the  top,  though  occa- 
sionally an  undue  amount  of  exposed  rock  on  the  slopes  renders  the 
growth  sparse  and  stunted. 

Within  the  gorge  of  the  Watauga  there  is  no  room  for  a  road  and 
barely  space  enough  for  the  stream.  The  channel  is  very  rough  and 
broken  by  many  rapids  and  sudden  falls,  and  the  water  rushes  along 
with  great  velocity.  In  the  8  miles  through  which  the  gorge  may  he 
said  to  extend  the  average  fall  is  about  65  feet  to  the  mile,  and  in 
many  i)laces  it  is  much  .more  concentrated,  one  notable  locality  being 
near  the  State  line,  where  there  is  a  straight  plunge  of  10  or  12  feet, 
known  as  the  Falls  of  the  Watauga. 

Upstream  from  the  gorge  the  mountains  rise  to  less  heights,  the 
valley  broadens  slightly,  and  the  uplands  back  from  the  river  are 
suitable  for  agriculture  on  a  small  scale.  They  are  partially  cleared 
and  cultivated  in  grass  or  grain  in  the  places  where  the  hillside  sloi>es 
are  not  greater  than  20  or  30  degrees.  The  hills  do  not  recede  far 
enough  to  permit  the  formation  of  bottdms  until  the  broad  strip  of 
level  land  known  as  Valle  Cruces  is  reached.  A  short  distance  alx)ve 
this  the  gorge  is  redeveloped,  though  in  a  lesser  degree,  and  there  i.^ 
very  little  cleared  land  directly  along  the  river  until  Shulls  Mill  is 
reached.  There  are  small  areas  of  cleared  land  up  some  of  the  trib- 
utaries, however,  also  along  the  river  between  Shulls  Mill  and  Foscoe, 
so  that  it  is  estimated  that  of  the  total  area  drained  by  the  river  alx)vt 
the  North  Carolina  line  about  one-third  is  cleared  land;  but  aft-er  an 
insi)ection  of  the  basin  this  estimate  seems  too  great.  Above  Shulls 
Mill  the  Watauga  has  a  length  of  from  5  to  6  miles,  measured  in  a 
straight  line,  and  drains  an  area  of  which  a  large  part  is  well  suite<l 
to  agriculture,  being  in  the  form  of  broml  and  fertile  bottoms  and 
terrace  lands  lying  close  to  the  stream.  About  4  miles  above  tbe 
mouth  of  the  Boone  Fork,  however,  the  slopes  of  Grandfather  Moun 
tain  on  the  north  and  of  Hanging  Rock  on  the  south  close  in  on  tht 
river  and  the  amount  of  arable  land  becomes  very  small,  tht 
cleared  land  being  about  one-fourth  or  one-fifth  of  the  whole  are^ 
above  the  junction  of  the  Boone  Fork.  The  soil  of  the  bottoms  i? 
deep  and  fertile,  being  largely  a  black  alluvium,  but  that  of  the  hill- 
sides is  often  shallow  and  full  of  angular  fragments  of  broken  stone, 
and  is  not  very  productive. 
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The  portion  of  the  basin  in  North  Carolina  lies  in  Watauga  County, 
which  occupies  the  entire  breadth  of  the  very  elevated  mountain  pla- 
teau between  the  Blue  Ridge  and  the  Unaka  mountains.  It  is  trav- 
ersed in  a  northerly  direction  by  two  massive  cross  chains  connecting 
these  two  great  ranges,  viz,  the  Rich  Mountains  and  the  chain  of 
which  Grandfather  Mountain  may  be  taken  as  the  starting  point 
and  Hanging  Rock  and  the  Beech  Mountains  as  the  prominent  peaks, 
the  basin  of  the  Watauga  lying  to  the  west  of  the  Rich  Mountains. 
The  surface  of  the  whole  country  is  very  rough  and  rugged  and  has 
an  average  elevation  of  about  5,000  feet  above  sea  level.  The  streaia 
valleys  are  as  a  rule  very  narrow,  but  at  intervals  there  are  consid- 
erable stretches  of  bottom  lands.  The  soil  is  generally  a  stiff  gray  or 
yellow  loam,  producing  grains  and  grasses  in  abundance.  Cattle  rais- 
•  ing  is  an  important  industry.  Along  the  headwaters  of  the  stream 
there  is  much  alluvial  soil  in  the  creek  bottoms  and  a  great  deal  of 
vegetable  mold  on  the  mountain  slopes,  while  on  Banner  Elk  Creek 
and  Elk  Creek  the  bottoms  assume  the  form  of  peaty  bogs,  which  are 
very  deep  and  retain  the  water  draining  into  them  from  the  mountain 
slopes  for  a  long  time,  feeding  it  out  to  the  streams  gradually. 

• 

SCENERY. 

All  of  the  area  drained  by  the  Watauga  in  North  Carolina  lies  in 
the  high  mountains,  and  the  scenery  is  wild  and  picturesque,  the  exact 
opposite  of  that  along  the  low^er  part  of  the  stream  or  on  the  Holston, 
which  is  quiet  and  pastoral.  Many  beautiful  mountain  views  are  to 
be  obtained,  with  quick-changing  cloud  shadows  and  with  wisps  of 
filmy  clouds  clinging  about  the  summits,  but  the  valleys  are  so  narrow 
and  so  tortuous  that  it  is  seldom  a  view  can  be  obtained  from  a  suffi- 
cient distance  to  give  its  full  beauty,  although  there  are  places  near 
the  gaps  and  on  the  divides  where  may  be  seen  views  api)roaching 
in  grandeur  any  that  the  mountains  afford. 

The  rugged  beautj'^  of  the  whole  area  finds  its  culmination  in  the 
massive  bulk  of  Grandfather  Mountain,  which  rises  to  a  height  of 
5,964  feet,  far  above  any  peak  in  the  vicinity,  and  is  probably  the 
most  massive,  wild,  and  rugged  of  the  peaks  of  the  Southern  Appa- 
lachians. Though  by  no  means  the  highest  peak  in  the  range,  it  so 
towers  above  its  surroundings  that  one  of  the  most  extensive  views  in 
]North  Carolina  can  be  obtained  from  its  summit.  From  certain  direc- 
tions and  in  clear  weather  the  summit  of  this  mountain  is  seen  to  form 
the  profile  of  an  old  man — hence  the  name — but  this  is  seldom  visible, 
for  this  grandfather  of  mountains  keeps  his  face  almost  perpetually 
veiled  in  the  clouds. 

RAINFALL. 

Like  all  other  drainage  basins  tliroughout  this  region,  the  basin  of 
the  Watauga  is  subject  to  a  very  heavy  annual  rainfall,  being  greater 
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near  the  headwaters,  where  Grandfather  Mountain  causes  an  almost 
constant  precipitation.  This  rainfall  at  times  comes  in  the  form  of 
violent  rain  storms,  but  these  are  infrequent,  the  precipitation  being 
well  distributed  throughout  the  year,  though  the  summer  rainfall  is 
the  greatest  in  amount.  At  times  the  heavy  rains  are  long  continued, 
lasting  a  week  or  more,  and  the  streams  rise  to  great  heights  and  do  a 
vast  amount  of  damage.  It  is  said  that  the  greatest  flood  known  in 
this  section  of  the  country  occurred  in  1867,  when  there  was  a  week 
of  heavy  rainfall,  followed  by  a  violent  rain  storm  lasting  twenty-four 
hours  and  seemingly  extending  over  the  whole  basin.  At  Butler  the 
'river  rose  18  feet  above  its  low-water  mark,  washing  away  several 
houses  and  bams  and  totally  destroying  a  great  many  acres  of  valu- 
able bottom  lands  lying  immediately  along  the  river.  Similar  floods 
are  reported  to  have  occurred  in  the  valley  of  Roan  Creek  in  1861  and 
in  1870.  Droughts  are  infrequent,  and  as  a  rule  are  neither  severe 
nor  long  continued,  the  drought  of  1900  being  the  most  severe  within 
the  memory  of  the  inhabitants  of  the  basin. 

SPRINGS. 

•  A  marked  feature  of  the  region  is  the  great  number  of  springs, 
the  discharge  of  which  ranges  from  less  than  a  gallon  a  minut'C  up, 
several  being  of  very  large  size.  One  of  the  larger  springs  is  in  the 
village  of  Allentown,  Tenn.  The  spring  basin  is  nearly  100  feet  in 
diameter  and  has  a  discharge  estimated  at  from  8  to  10  cubic  feet  jier 
second.  Another  large  spring  is  directly  on  the  bank  of  the  river,  at 
the  town  of  Fishspring.  Here  there  are  a  number  of  small  streams 
flowing  from  crevices  in  the  rock,  the  aggregate  volume  being  7  or  s 
cubic  feet  per  second.  The  peculiar  feature  with  reference  to  this 
spring — for  which  it  and  the  town  were  named — is  that  in  the  autumn, 
when  the  water  of  the  river  begins  to  grow  cold,  a  large  number  of 
fish,  especially  sun  perch,  come  from  the  river  and  enter  the  basiu  of 
the  larger  spring — a  cavern  beneath  the  surface  of  the  earth — where 
they  spend  the  winter,  returning  to  the  river  after  spring  opens  and 
the  river  water  is  again  warm.  Twenty-one  hundred  fish  were  caught 
in  one  season  by  means  of  a  trap  placed  at  the  mouth  of  this  spring 
when  the  fish  were  returning  to  the  river,  and  165  have  been  caught 
in  a  single  night,  all  being  very  fat.  This  indicates  the  existence  of 
a  body  of  water  of  considerable  size  beneath  the  surface  of  the  earth. 
This  supposition  is  borne  out  by  the  fact  that  about  40  feet  from  the 
river  an  area  probably  25  feet  square  has  sunk  several  feet  within 
the  last  few  years,  and  a  hole  has  opened  in  about  the  center  of  th** 
depression  through  which  fish  can  in  the  winter  be  caught  by  ^iean^ 
of  a  hook  and  line. 

TIMBER. 

There  is  a  great  deal  of  valuable  timber  still  standing  in  the  l^asir 
of  the  Watauga,  only  about  one-thiixi  of  the  area  being  cleared  and  id 


"««iEYl  WATAUGA    RIVEB.  83 

cultivation.  The  character  of  the  timber  varies  as  the  stream  is 
ascended,  hard  wood  seeming  the  predominant  growth  along  the  lower 
part  of  the  stream  and  its  tributaries,  but  gradually  giving  place  to 
pine,  spruce,  or  hemlock.  On  the  upper  part  of  Laurel  Creek  and  of 
the  main  stream,  u{)on  which  the  most  extensive  timbering  operations 
have  been  carried  on,  the  growth  seems  composed  entirely  of  the  latter 
trees,  and  the  yield  of  timber  is  heavy.  Evidences  of  extensive  tim- 
bering are  to  be  s.een  over  almost  the  entire  basin,  the  river  at  the  time 
of  both  visits — one  in  the  summer  and  the  other  in  the  fall — being  full 
of  logs  waiting  for  a  rise  in  the  stream  to  carry  them  down  to  the 
mills.  Numerous  splash  dams  have  been  built  on  the  tributaries  and 
several  on  the  river  itself. 

MINERALS. 

Not  many  minerals  or  mineral  localities  are  reported  from  this 
basin,  the  only  place  where  mining  rises  to  the  dignity  of  an  industry 
being  at  the  famous  iron  mines  at  Cranberry,  N.  C,  where  is  mined 
an  iron  which  rivals  in  quality  and  purity  the  best  Swedish  ore. 
There  are  other  deposits  of  iron  ore  in  the  basin,  those  on  the  upper 
part  of  Roan  Creek  and  on  Doe  Mountain  being  perhaps  the  most 
noted.  Formerly  some  copper  was  mined  at  Elk  Knob,  just  beyond 
the  eastern  limits  of  the  basin,  but  nothing  has  been  done  there  for 
several  years. 

TRANSPORTATION. 

• 

The  transportation  facilities  for  the  greater  part  of  the  basin  are 
entirel}'^  inadequate.     The  East  Tennessee  and  Western  North  Caro- 
lina Railroad,  from  Johnson  City,  Tenn.,  to  Cranberry,  N.  C,  fur- 
nishes an  outlet  for  the  products  of  that  part  of  the  basin,  and  the 
Virginia  and  Southwestern  Railroad,  from  Bristol  to  Elizabethton  and 
thence  up  Watauga  River  and  Roan  Creek,  serv^es  the  northern  part 
of  the  basin,  but  the  whole  area  within  North  Carolina  possesses  no 
railroad,  its  facilities  for  transportation  being  limited  to  the  country 
roads,  which  with  the  exception  of  the  one  paralleling  the  river  are 
very  poor,  being  steep,  rough,  and  full  of  stones,  so  that  it  is  imj)os- 
sible  for  a  team  to  haul  more  than  half  a  load  over  them.     It  is 
thought,  however,  that  this  condition  will  soon 'be  bettered  by  the 
construction  of  a  railroad  from  Lenoir,  N.  C,  to  Blowing  Rock,  and 
thence  across  the  basin,  probably  following  the  course  of  the  river  a 
considerable  distance  and  connecting  with  other  roads,  either  at  Cran- 
Ijerry,   Butler,  or  Mountain  City.     Watauga  County  has  recently 
a.iithorized  a  bond  issue  of  $100,000  to  aid  in  the  construction  of  this 
road. 

DISCHARGE  MEASUREMENTS. 

During    the  investigation  a  gaging    station  was  established  on 
VVatauga  River  at  Butler,  Tenn.,  and  on  two  of  its  tributaries — 
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Roan  Creek  at  Butler,  Tenn.,  and  Elk  Creek  at  Lineback,  Tenn. 
The  results  of  measurements  at  these  stations,  as  well  as  of  the 
numerous  miscellaneous  measurements  on  the  river  and  its  tribu- 
taries, are  g^iven  herein;  those  made  on  the  main  river  in  the  follow- 
ing table,  and  those  on  the  tributaries  in  the  table  on  page  85. 

Discharge  measurements  of  Watauga  River. 


Dato. 


1900. 
July  16 
Aug.  2 
Aug.  Id 
Oct.  6 
Nov.  7 
Dec.  28 
Dec.  31 

July  ao 

Aug.  7 
Aug.  17 
Oct.  6 
Nov.  7 
Dec.  28 
July  16 
Aug.  10 
Oct.  7 
Aug.  11 

Oct.     7 


Locality. 


Elizabethton,  Tenn 
do 


-..do 

.....do 

do 

do 

do 

Butler,  Tenn 
do 


Hydrographer. 


Oago 
height 


....  do 

do 

do 

do 

Watauga  Falls,  N.  C 

do 

do 

One   mile   above   Shnlls   Mill,  North 

Carolina. 
do 


E.W.Myers  ... 
L.  V.  Branch . . . 

do 

E.  W.  Myers  .  . 
L.y.  Branch... 
E.W.Myers ... 
Ernest  Uraves. 
E.W.Myers  ... 
L.  y.  Branch . . . 

do 

B.  W.Myers  ... 
L.  V.  Branch  . . . 
E.W.Myers... 
N.C.Curtis.... 
L.V.  Branch. .. 
B.W.Myers... 
L.V.  Branch... 


Feet. 

15.87 

15.77 

16.03 

16.03 

15.27 

15.68 

15.22 

1.37 

0.90 

0.84 

1.12 

2.20 

1.40 


E.  W.  Myers 


6.62 
6.52 
4.05 

3.78 


Dis- 
(rharfpc 


Sef.'ft 

m 
m 

m 

214 

m 
m 

311 
79 
53 
01 
19 

33 


Note.— At  regular  stations  of  the  Qeoluglcal  Survey  gages  are  installed  by  which  the  rise  of 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  disc*harg>.' 
of  the  stream.  This  is  true  of  the  measurements  in  the  above  table  which  were  made  at  Bntler. 
Tenn.  In  making  the  other  measurements  in  the  table,  however,  bench  marks  were  established 
and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench  mark 
to  the  surface  of  the  water.  In  those  cases,  therefore,  an  increase  in  the  gage  height  means  % 
lowering  of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream. 

WATER  POWERS. 


The  fall  of  the  Watauga  River  is  very  great  tlimnghoiit  its  length, 
and  the  selection  of  shoals  for  utilization  would  he  largely  a  niatt»»r 
of  convenience,  the  average  fall  of  the  stream  in  Tennessee  beiii;: 
about  15  feet  to  the  mile,  and  between  Shulls  Mill  and  the  Tennessi*^ 
line  about  47  feet  to  the  mile,  with  many  short  stret<ihes  where  the 
fall  is  much  greater.  Very  little  of  the  vast  power  in  this  l>a8in  is 
utilized,  however,  either  on  the  river  or  on  Its  tributaries,  thei-e  beinir, 
so  far  as  could  be  ascertained,  only  three  mills  on  the  main  stream, 
and  these  all  small  ones.  The  first  mill  is  at  Watauga  Falls.  It  is  a 
roller  flour  mill  with  a  capacity  of  30  barrels  per  twenty-four  liours. 
The  second  one  is  just  below  the  mouth  of  Cove  Creek,  where  tb«*re  !> 
a  fall  of  about  9  feet  and  a  very  go(Kl  location  for  the  construction  of 
dams  and  buildings.  Here  tliere  is  a  small  sawmill  and  wagon  shop 
which  uses  a  small  proportion  of  the  water  by  means  of  a  homemade 
tub  wheel  yielding  an  unknown  amount  of  power. 

The  first  shoal  that  could  be  developed  into  a  power  of  consider- 
able magnitude  is  just  above  the  North  Carolina  line,  where  there  i^ 
a  fall  of  about  10^  feet,  but  it  is  in  a  deep  gorge  and  at  present  is  s«j 
inaccessible  that  it  is  of  no  imi)ortance  as  a  power  site. 
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For  about  4  miles  above  this  place,  or  as  far  as  the  mouth  of 
Beech  Creek,  the  concentration  of  fall  is  very  great,  and  dams  of 
almost  any  desired  height  could  be  built  without  excessive  lengths 
across  the  top,  and  powers  could  be  obtained  limited  only  by  the 
heights  of  the  dams.  There  is  a  similar  locality  just  below  the  mouth 
of  the  lower  Laurel  Creek. 

Al)ove  this  point  and  on  through  Valle  Cruces  there  are  a  number 
of  shoals  in  the  river,  but  the  average  fall  in  the  stream  is  less  than 
that  above  or  below,  and  since  the  bottoms  are  very  broad  and  lie  only 
a  few  feet  above  the  water  level,  power  could  not  advantageously  be 
obtained  in  this  part  of  the  course  of  the  river,  on  account  of  the  flood- 
ing of  valuable  farming  lands. 

As  has  been  stated,  the  gorge  is  redeveloped  on  a  smaller  scale  a 
short  distance  above  Valle  Cruces,  and  the  slope  of  the  stream  becomes 
very  great,  being  a  succession  of  rapids  with  large  fall  and  many 
abrupt  plunges.  There  are  a  number  of  places  where  a  dam  fi*om  60 
to  70  feet  high  could  be  built  with  stone  quarried  on  the  spot,  while 
the  level  tops  of  the  hills  would  afford  a  safe  and  excellent  location 
for  buildings;  but  until  this  country  has  made  material  advances 
and  has  provided  means  of  transportation  for  raw  materials  and  fin- 
ished products,  it  is  extremely  improbable  that  any  development  of 
'wat^r  power  will  be  made  beyond  small  amounts  for  purely  local  needs. 

TRIBUTARIES  OF  WATAUGA  RIVER. 
DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  following  measurements  were  made  of 
the  tributaries  of  Watauga  River,  in  order  upstream: 

Discharge  measurement 8  of  tributaries  of  Watauga  River, 


Date. 


1900. 
July  Ifl 
Aug.  18 
H«pt.24 
JL-ag.  2 


Strciam. 


Brash  Creek 

do 

do 

Sinking  Creek... 


Oct. 

4 

.A^ng. 

2 

<J>ct. 

i 

Aug. 

2 

Oct. 

4 

A-ug, 

8 

J^ug.  17  ; 

Oct.    5  t 
i:>«c.  2Q 

J^ug.  3 
Oct.  5 
X>ec.  29 
wAnic.   3 

Do'!: 

Do... 
.A-ug.  18 
Oct.     6 

.^^ng.  17 


....do 

Buffalo  Creek  . . . 

...do 

Gap  Creek 

do 

Laurel  Fork  of 
Doe  Riyer. 

...do 

.....do 

....do 

Little  Doe  River. 

do 

do 

Wilaon  Creek.... 

Shell  Creek 

Doe  River 


Locality 


.do 

do 

.do 

.do. 

do 


Near  Carter,  Tenn 

do 

...do 

Lower   ford   of  Johnson   City- 
Elizabethton  road,  Tennessee. 

do 

At  month,  Tennessee 

do 

do 

..    do 

AUentown,  Tenn 


Hydrographer. 


L.  V.  Branch 

do 

E.  W.  Myers 
L.  V.  Branch 


do 
do 
do 
do 
do 
do 


E.  W.  Myers 
L.  V.  Branch 
E.  W.  Myers 
L.  V.  Branch 
E.  W.  Myers 
L.  V.  Branch 


One  mile  above  month ,  Tenn  essee 

At  mouth.  TennesHee 

Two  miles  Ijelow  Roan  Mountain, 
Tennessee. 

Near  Allen  to  wn,  Tenn 

do 

do 

Above  Elizabeth  ton,  Tenn 

do 


do 

E.  W.  Myers 

do 

L.  V.  Branch 
E.  W.  Myers 

do 

L.  V.  Branch 

do 

do 


do 

do 

E.  W.  Myers 
L.  V.  Branch 
do. 


Dis- 
charge. 


3.75 
5.85 
6.02 
4.00 
4.12 
5.19 

5.50 
5.67 
5.05 
4.42 
4.78 
4.30 
3.67 
2.35 
8.46 

5.56 
5.81 
6.85 
5.94 
6.20 


Sec- ft. 

10.08 

9.47 

5.14 

5.0 

4.0 

20.0 

30.0 

7.0 

3.0 

30.0 

15.0 
9.0 
27.0 
35.0 
17.0 
28.3 
5.0 
14.0 
41.3 

72.0 

60.0 

89.3 

'i43.4 

106.0 
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Discharge  measurements  of  tributaries  of  Watauga  River — Continued. 


Date. 


1900. 
Oct     6 
Dec.  81 
Aug.  3 

Oct  5 
Dec.  31 
Anff.  13 
JttlydO 
Aug.  13 
Oct.  0 
July  30 
July  89 
Aiiff.18 

July  30' 
Aag.  7 
Aug.  17 
Oct.  6 
Nov.  7 
Dec.  2S 
Aag.  13 
July  30 

Aug.  6 

Do  .. 

*■&* 

Aug.  12 

Oct  8 
Aug.U 

Oct  8 
Aug.  9 
Aug.  17 
Oct.  6 
Aug.   6 

Aug.   9 

Do  .. 
Oct.     6 
Aug.   9 

Oct  6 
Aug.   9 

Oct.  6 
Aug.  10 

Oct.  7 
Aug.  13 
Oct  18 
Aug.  12 

Do  .. 

Aug.  10 
Oct  7 
Aug.  10 
Oct.  7 
Aug.  10 

Oct.  7 
Aug.  11 

Aug.  10 

Oct     7 


Stream. 


Doe  River ... 

do 

Stony  Creek. 


.....do 

do 

Doe  Creek . . 

do 

do 

do 

Mill  Creek.. 
Town  Creek 

...do 

Forge  Creek 
Roan  Creek. 

.....do 

.....do 

.....do 

...-do 

...do 

do 

.....do 


Dark     Bldge 

Creek. 
Uttle Elk  Creek. 
Blevins  Creek 


Locality. 


Cranberry  Creek do 


Above  Elizabethton,  Tenn 

.....do 

One-half  mile  above  mouth.  Ten- 

....do 

....do 

f  vyspringpoBt-olBce,  Tenn 

Mouth  oi  Doe  (town),  Tenn 

— do 

-..-do 

At  month,  Tenneeaee 

AtShonnCroasroadBtTenn 

— do , 

Near  mouth,  TennesBee 

Butler,  Tenn , 

— do 

....do 

....do 

....do 

.-..do 

Key  Station,  Tenn 

Above  mouth  of  Mill  Creek, 
Tennessee. 

One-half  mile  above  mouth,  Ten- 
nessee. 

At  mouth.  North  Carolina 

Cranberry,  N.C 


Hydrographer. 


E.  W.Myers-.. 
Ernest  Graves - 
L.V.Branch 

E.W.  Myers.... 
Ernest  Graves . 

L.V.  Branch 

E.  W.Myers.... 

L.y.  Branch 

E.  W.Myers.... 

do 

L.  V.Branch 

.....do 

.....do 

E.W.Myers.... 

.....da 

....do 


North  Fork 
Elk  Creek. 

....do 

South  Fork 
Elk  Creek. 

...-do 

Elk  Creek..  . 

....do 

.....do 

do 


of 


of 


Big  Dry  Run 


At  Banners  Elk,  North  Carolina 


do 
do 


do 

Lineback,  Tenn i... 

.  ...do 

do 

One-half  mile  below  mouth  of  the 

Little  Elk,  Tennessee. 
One-eighth   mile  above  mouth. 
North  Carolina. 

Fogey  Creek At  mouth.  North  Carolina 

do do 


Beech  Creek. 


do 

Beavordam 

Creek. 

do 

Laurel  Creek 

(lower). 

do  

Rockhouse  Creek 

do 

Brushy  Fork  of 

Cove  Creek. 
Cove  Creek 


do 

do 

Dutch  Creek 

do 

Laurel   Creek 
(upper). 

M'ood'y'MnV 

Creek. 
Boone  Fork    of 

Watauga  River 
do 


Above  month  of  Fogey  Creek, 
North  Carolina. 

do 

Near  Leander,  N.  C 


do 


At  mouth.  North  Carolina.. 


do 

do 

do 

L.V.  Branch. 
E.  W.  Myers . 

L.V.Branch. 


.do., 
do., 
do- 
do.. 


E.  W.  Myers . 
L.V.Branch. 

£.  W.  Myers  - 

do 

.....do 

....do 

L.V.Branch. 


.do 


do 
do 
do 
do 


Above  mouth  of  Brushy  Fork, 
North  Carolina. 

At  mouth.  North  Carolina 

do 

Valle  Cruces,  N.  C •. 

do 

At  mouth,  North  Carolina 


.do 
do 


Shulls  Mill,  N.C. 


do 


do 

E.  W.  Myers  . 
L.  V.  Branch . 

E.  W.  Myers  . 
L.  V.  Branch. 

E.  W.  Myers  . 
L.V.  Branch. 

E.  W.  Myers  . 
L.V.Branch. 
E.  W.  Myers  . 
L.  V.  Branch. 

do 


do 

E.  W.  Myers  . 
L.  V.  Branch. 
E.  W.  Myers . 
L.V.  Branch. 

E.  W.  Myers  . 
L.  V.  Branch . 


do 

E.  W.  Myers 


heigl 


Gaffe  I   Db- 
eigntM:barg& 


fleet.  \Sec,-fi. 
6.  S3  iSlO 
5.23  aiM.i) 
6.95  .     41  0 


7.50 

4.eo 

fi.9i 
5.23 
6.49 
5.46 
9.48 
3.48 
a82 
4.53 
1.47 
LOS 
0.85 
0.» 
1.50 
1.20 
4.a5 
5.70 

4.65 

l.» 
6.03 
6.95 
5.61 

5.6ft 
11.96 


1.55 

2.W 
3.  US 
5.6 

5.7 
5.50 


ia63 


2.17 

'2.06' 

4.31 

5.24 
5.15 
7.42 
7.37 
2.63 

2.87 
3.20 

2.30 

2.11 
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NoTB.— At  regnlar  stations  of  the  Gheological  Survey  gages  are  instidled  by  which  the  rise  (^ 
the  river  Is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  diseharg^ 
of  the  stream.  This  is  true  of  the  measurements  in  the  aK»ve  table  which  were  made  of  Ro*:^ 
Creek  at  Bntler,  Tenn.,  and  of  Elk  Creek  at  Lineback*  Tenn.  In  making  the  other  m<easart' 
ments  in  the  table,  however,  bench  marks  were  established  and  measurements  were  nxade,  1-? 
means  of  a  steel  tape,  of  the  distance  from  the  bench  mark  to  the  surface  of  the  ^w&ter.  ^ 
those  cases,  therefore,  an  increase  in  the  gago  height  means  a  lowering  of  thi3  water  sarface ; 
a  corresponding  decrease  in  the  discbarge  of  the  stream. 
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BRUSH  CREEK. 

The  iirst  tributary  of  the  Watauga  which  was  made  the  subject  of 
investigation  was  Brush  Creek,  which  rises  near  Johnson  City,  Tenn., 
and  flowing  in  a  general  northwesterly  direction  joins  the  Watauga 
a  short  distance  below  Carter,  Tenn.,  having  a  total  length  of  between 
7  and  8  miles  and  draining  an  extensive  area.  The  drainage  basin 
consists  of  large  but  low  hills  with  very  gentle  slopes,  largely  grass 
covered.  Probably  90  per  cent  of  the  area  is  cleared  land,  largely  in 
pasture,  but  a  small  part,  is  cultivated  in  corn  and  wheat.  The  soil 
is  deep  and  fertile.     The  country  rock  is  a  limestone. 

The  creek  has  a  fall  of  about  400  feet  between  Johnson  City  and  its 
mouth.  The  water  is  used  by  two  small  mills,  too  small  to  be  of 
importance,  and  there  is  no  definite  information  concerning  them  at 
hand.  It  is  probable  that  this  creek  reached  its  minimum  stage  in 
September,  1900,  when  it  was  discharging  about  5  second-feet.  Dur- 
ing floods  it  rises  about  3  feet  above  low- water  mark  at  its  mouth. 

SINKING  CREEK. 

The  upper  or  second  Sinking  Creek,  which  enters  from  the  south, 
is  the  next  tributary.  It  drains  a  narrow  area  between  10  and  11 
miles  long,  about  three- fourths  of  the  lower  part  of  which  is  cleared. 
Its  headwaters  drain  the  northwestern  slopes  of  the  Buffalo  and  the 
C/herokee  mountains,  a  rough  and  rugged  area,  densely  forested.  The 
characteristics  of  soil  and  topography  over  the  lower  part  of  the  basin 
ai'e  in  every  way  similar  to  those  of  the  basin  of  Inrush  Creek.  The 
stream  was  very  low  at  the  time  it  was  visited,  early  in  October, 
attaining  its  lowest  stage  during  that  month.  It  was  canying  4 
second-feet  when  measured  on  October  4.  During  floods  it  rises 
about  2  feet. 

BUFFALO   CREEK. 

Buffalo  Creek,  tne  next  tributary,  drains  a  much  larger  area  than 
either  Brush  Creek  or  Sinking  Creek.  The  greater  part  of  its  drain- 
age basin  consists  of  low,  flat,  and  rounded  hills,  for  the  most  part 
^rass  covered.  Probably  from  85  to  90  per  cent  of  the  lower  portion- 
of  the  basin  is  cleared;  but  as  the  stream  is  ascended  the  country 
becomes  more  rugged,  being  very  steep  and  mountainous  near  the 
headwaters,  and  is  largely  covered  with  forest,  though  it  is  probable 
that  three-fourths  of  the  entire  area  drained  by  the  stream  is  cleared. 
It  is  in  the  basin  of  this  stream  that  the  great  number  of  sinks  which 
have  heretofore  been  mentioned  as  occurring  near  Milligan  are  to  be 
found.  These  sinks  occur  from  Milligan  to  the  east  and  southeast  as 
far  as  Gap  Creek.  At  the  time  of  the  fall  visit  (October  4,  1900)  the 
stream  had  reached  its  lowest  stage  of  flow  (10  second-feet).  Its 
maximum  flood  rise  is  about  3  feet. 
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Buffalo  Creek  has  three  small  tributaries — Dry  Creek,  Toll  Creek, 
and  Powder  Branch — all  of  which  enter  from  the  southeast. 

GAP  CREEK. 

Gap  Creek,  the  next  tributar}'  entering  the  Watauga  from  the  south, 
has  a  drainage  basin  which  seems  in  every  way  similar  to  that  of 
Buffalo  Creek,  with  the  exception  that  no  sinks  were  seen.  This 
stream  reached  its  minimum  stage  in  the  fall  of  1900.  When  meas- 
ured on  Octol>er  4  it  was  discharging  3  second-feet.  Its  flood  rise 
is  about  3  feet  at  the  mouth. 

DOE   RIVER. 

The  most  important  tributary'  received  by  Watauga  River  is  Doe 
River,  which  rises  in  the  high  and  mountainous  area  to  the  west  and 
north  of  Roan  High  Knob,  and  flows  in  a  general  northerly  and  north- 
westerly direction,  joining  the  Watauga  at  Elizabethton,  Tenn.  Near 
the  mouth  of  the  stream  probably  one-forth  or  more  of  the  valley  is 
cleared  land,  the  cleared  areas  being  the  level  bottom  or  terrace  land 
immedi«ately  along  the  river;  but  about  2  miles  above  Elizabethton 
the  gorge  of  the  Doe  begins,  and  from  that  point  to  Allentown  the 
river  flows  in  a  very  narrow  channel  carved  out  by  its  waters  from  the 
solid  rock,  which  rises  on  either  side  in  precipitous  walls  several  hun- 
dred feet  high.  Near  Allentown,  where  Doe  River  is  joined  by  the 
Laurel  Fork  and  Little  Doe  River,  there  is  a  considerable  area  of 
open  and  level  arable  land  rimmed  about  by  high  and  steep  mountains. 
Above  that  place  the  gorge  of  the  Doe  becomes  more  pronounced,  the 
sides  rising  higher  and  more  steeply  above  the  water,  and  the  scenery, 
though  confined,  is  very  much  grander  than  that  of  the  lower  gorge. 
A  view  in  the  upper  gorge  is  shown  in  PL  XXIII.  Throughout  the 
gorge  the  fall  averages  nearly  or  quite  100  feet  to  the  mile,  the  greater 
part  of  it  being  in  rapids;  sudden  plunges  are  rare.  Power  in  large 
amounts  could  be  obtained  here.  Above  the  gorge  the  fall  averages 
about  half  as  much,  being  about  50  feet  to  the  mile. 

The  water  power  of  Doe  River  is  used  at  only  two  places.  At  Eliza- 
bethton water  is  taken  from  the  sti'eam  above  the  town  and  is  used  in 
the  operation  of  a  small  cotton  mill  and  several  small  gristmills,  A 
small  woolen  mill  is  also  sometimes  operated  by  power  derived  from 
the  stream.  The  largest  consumer  of  power  was  a  woolen  mill  which 
was  burned  several  years  ago  and  has  not  been  rebuilt.  Near  Roan 
Mountain  Station  there  is  a  small  lumber  mill  using  three  turbines 
working  under  a  head  of  12  feet,  but  the  amount  of  power  developed 
could  not  be  ascertained. 

Little  Doe  River. — This  stream,  which  is  tributarj'-  to  Doe  River  at 
Allentown,  drains  an  ai^ea  in  all  respects  similar  to  that  drained  by 
the  main  stream  above  the  junction,  l)eing  very  mountainous  and 
largely  forest  covered.     So  far  as  could  be  ascertained  thei'e  is  prae- 
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tically  no  cleared  land  above  2  miles  from  its  mouth.  None  of  the 
power  of  the  river  is  utilized.  The  time  of  minimum  flaw  was  in 
September,  1900.     The  flood  rise  at  the  mouth  is  about  4  feet. 

Laurd  Fork. — The  next  important  tributary  of  Doe  River  is  the 
Laurel  Fork,  which  joins  it  at  Allentown,  draining  an  area  similar  to 
that  drained  by  the  main  stream  and  by  the  Little  Doe.  The  Laurel 
Fork  has  a  large  fall  and  carries  a  considerable  quantity  of  water, 
which  is  used  at  Allentown  by  a  small  sawmill,  and  just  above  that 
place  by  a  combined  sawmill  and  gristmill  using  a  small  amount  of 
power  and  a  fall  of  16  feet.  Another  mill  is  i-eported  farther  upstream. 
It  is  stated  that  active  lumbering  operations  are  now  in  progress  over 
the  basin  of  the  Laurel  Fork  and  that  much  timber  has  been  cut. 

STONY  CREEK. 

The  next  tributary  of  the  Watauga  is  Stonj^  Creek,  which  enters 
the  river  from  the  northeast  and  drains  a  long  and  broad  valley  con- 
taining a  larger  proportion  of  cleared  and  cultivated  land  than  either 
of  the  streams  just  described.     The  cleared  land,  however,  is  confined 
to  the  level  bottoms  bordering  the  creek  and  to  the  first  bench  or  ter- 
race— this  being  all  that  is  susceptible  of  cultivation,  so  it  is  said — 
and  amounts  to  only  about  one-eighth  of  the  whole,  the  remainder  of 
the  basin  being  steep,  rugged,  and  forest  covered.     At  the  time  of 
the  October  visit  the  stream  was  said  to  have  reached  a  point  lower 
than  ever  l)efore  known.     It  was  then  carrying  16  second-feet.     The 
high-water  mark  is  about  6  feet  above  its  level  at  that  time. 

The  average  fall  of  the  stream  is  large,  and  its  waters  are  used  bj' 
several  mills,  all  small,  the  first  one  being  located  close  to  the  mouth 
of  the  creek  and  using  a  fall  of  10  feet,  the  power  developed  being 
estimated  at  about  12  horsepower.  The  second  mill  is  a  short  dis- 
tance above  and  is  a  small  corn  mill  operated  bj^  a  homemade  wheel 
developing  an  unknown  amount  of  power.  The  third  mill  is  about  a  . 
mile  above  the  mouth  of  the  stream  and  is  a  small  combined  sawmill 
and  gristmill  using  a  small  amount  of  power. 

ROAN  CREEK. 

There  is  no  other  important  tributary  of  the  Watauga  until  Roan 
Creek  is  reached.  The  watershed  of  this  stream,  which  joins  the 
river  at  Butler,  Tenn.,  is  in  the  area  between  the  Stone  Mountains  on 
the  north  and  Snake  Mountain  on  the  south.  The  main  stream  rises 
near  Snake  Mountain  and  flows  in  a  general  northerly  direction  for 
7  or  8  miles,  when  it  is  joined  by  Forge  and  Town  creeks — streams 
whicb  rise  in  the  Stone  Mountains  and  flow  to  the  south — and  turns 
to  the  southwest,  flowing  in  that  direction  until  its  junction  with  the 
\Vat«,uga.  In  the  latter  portion  of  its  course  it  receives  one  large 
bril>iitary,  Doe  Creek.  Roan  Creek  drains  a  very  large  area,  known 
is   «Tohnson  County  Cove,  which  has  already  been  somewhat  briefly 
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described  (p.  38).  The  immediate  valley  of  the  creek  contains  prac- 
tically all-  of  the  cleared  land  in  its  basin,  though  small  areas  have  been 
cleared  on  some  of  its  minor  tributaries  where  the  land  is  suflBciently 
level  for  cultivation.  All  of  the  timbered  area  is  still  in  luxuriant 
forest  growth,  consisting  principally  of  oak  and  chestnut,  though 
maple,  locust,  pine,  spruce,  hemlock,  poplar,  and  similar  trees  are 
found.  Probably  75  per  cent  of  the  area  is  still  wooded.  Near  the 
mouth  of  the  stream  the  valley  is  very  narrow  and  the  projwrtion 
of  cleared  land  seems  smaller  than  farther  toward  the  headwaters, 
where  the  basin  bears  a  close  resemblance  to  the  country  along  the 
South  and  Middle  forks  of  the  Holston,  being  rather  level  and  com- 
posed of  low,  grass-covered  hills,  which  are  largely  cleared.  The  moun- 
tainous areas  are  high  and  steep,  showing  a  great  deal  of  exposed  rock 
and  l>eing  in  places  densely  forested. 

The  fall  of  Roan  Creek  is  considerable,  being  about  400  feet  between 
the  mouth  of  Doe  Creek  and  a  point  about  2  miles,  below  Mountain 
City,  Tenn.,  a  distance  of  10  miles,  making  the  average  fall  40  feet  to 
the  mile.  Between  Shoun  Crossroads  and  the  mouth  of  Mill  Creek, 
however,  the  fall  is  much  less,  and  there  are  stretches  where  the  cur- 
rent is  very  sluggish  and  the  stream  placid.  The  country  rock  is 
no  longer  a  limestone — quartz  rock,  gneiss,  and  slate  having  made 
their  appearance.  Although  this  stream  drains  so  large  au  area  and 
has  so  great  a  fall  its  waters  are  used  by  very  few  mills. 

The  first  mill  on  the  stream  is  the  roller  flour  mill  operated  by  Cole 
A  Scott,  a  Hhoi-t  distance  al>ove  Butler,  which  has  a  capacity  of  30 
barrels  a  day  and  is  operated  by  a  turbine  working  under  a  head  of 
12  feet.  The  next  mill  is  14  miles  above  Butler  and  is  a  combined 
gristmill  and  sawmill  using  a  fall  of  12  feet  and  a  very  small  amount 
of  power.  The  only  other  mill  on  the  stream  is  Baker's  gristmill, 
opi)osite  Rhea  Forge,  where  there  is  a  fall  of  18  feet. 

Roan  Creek  reached  its  minimum  stage  during  the  fall  of  1900.  It 
was  measured  on  August  13  and  wtis  carrying  5.2  second-feet.  The 
average  flood  rise  is  about  5  feet,  though  there  are  records  of  a  much 
higher  rise  in  1861  and  in  1870,  when  the  stream  rose  to  a  height  of  8 
feet. 

Doe  Creek. — This  stream  rises  near  Mountain  City,  Tenn.,  and  flows 
in  a  direction  generally  parallel  to  the  course  of  Roan  Creek,  from 
which  it  is  separated  by  Doe  Mountain,  joining  that  stream  about  Ti 
miles  above  Butler.  It  drains  a  broad,  flat  valley  which  forms  a  i)art 
of  Johnson  County  Cove,  and  furnishes  more  utilized  power  than  Rohu 
Creek,  its  waters  being  used  for  the  operation  of  seven  small  mills. 

MiU  Creek. — Of  the  numerous  small  streams  tributary  to. Roan 
Creek  from  the  east  and  southeast  none  seen  were  of  sufQcient  impor- 
tance to  justify  gaging  with  the  exception  of  Mill  Creek,  which  enters 
from  the  southeast  near  Baker  Gap.  This  creek  was  gaged  near  its 
mouth  and  its  drainage  basin  was  traversed  from  end  to  end.     Near 
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Roan  Creek  the  proportion  of  cleared  land  is  very  small,  but  farther 
np  the  basin  widens,  and  near  the  stream  all  the  land  has  been  cleared 
and  is  cultivated  in  corn  and  wheat  or  sodded  in  grass.  The  cleared 
land  amounts  to  between  one-fourth  and  one-third  of  the  total  area 
drained  by  the  stream.  About  100  yards  above  the  mouth  of  the  creek 
is  Wilson's  gristmill,  a  small  mill  containing  two  runs  of  stones,  one 
for  corn  and  one  for  wheat,  the  power  necessary  being  developed  by 
a  16-foot  overshot  wheel  of  about  30  inches  face,  yielding  about  12 
horsepower.  ■ 

Toiim  Creek, — This  was  the  only  other  tributary  of  Roan  Creek  that 
was  gaged.  It  was  measured  at  Shoun  Crossroads.  There  is  one 
small  mill  on  the  creek  containing  two  runs  of  stones,  one  for  com 
and  one  for  wheat,  and  using  5  or  6  horsepower,  which  is  developed 
by  an  undershot  wheel. 

The  next  import.ant  tributary  of  Watauga  River  is  Elk  Creek  (see 
PI.  XXIV),  which  rises  at  Banner  Elk  Creek,  on  the  slopes  of  the 
mountain  known  as  Hanging  Rock, -and  flowing  in  a  general  direction 
a  little  north  of  west  is  joined  near  Elk  Park  by  Cranberry  Greek  and 
Little  Elk  Creek,  after  which  it  turns  to  the  north,  entering  Watauga 
River  about  2  miles  above  Butler.  A  gaging  station  was  established 
on  this  stream  at  Lineback,  not  far  above  the  mouth,  where  daily  read- 
ings of  the  stage  of  the  water  surface  have  been  made. 

The  average  fall  per  mile  throughout  its  length  is  very  great,  the 
headwaters  being  at  an  elevation  of  about  4,000  feet  above  sea  level. 
Near  the  mouth  the  fall  seems  to  be  less  than  the  average,  and  there 
are  large  areas  of  cleared  land  and  broad,  level  bottoms,  from  which, 
however,  the  wooded  mountain  slopes  rise  A^ery  sharply  to  consider- 
able heights.  There  are  small  tracts  of  cleared  land  as  far  up  the 
stream  as  Elk  Mills.  Between  that  place  and  the  North  Carolina  line 
there  is  practically  no  clearing,  but  beyond  the  State  line  the  country  is 
more  thickly  settled  and  the  areas  of  cleared  land  are  more  numerous. 
The  latter  are,  however,  of  little  importance  compared  to  the  total 
area  Df  the  drainage  basin.  No  accurate  estimate  of  the  relative 
proportions  of  the  wooded  and  cleared  lands  could  be  obtained,  but 
it  seems  safe  to  say  that  the  amount  of  clearing  is  less  than  5  per  cent 
of  the  area. 

The  amount  of  power  along  this  stream  is  very  great,  but  no 
attempts  have  been  made  to  utilize  it,  and  it  seems  improbable  that 
efforts  in  that  direction  will  be  made  for  many  years  to  come,  unless 
some  sawmill  requires  power  to  cut  the  timber  which  exists  in  such 
abundance  over  the  basin.  Perhaps  the  most  noteworthy  of  the 
powers  is  Elk  Falls  (see  PL  XXV),  where  there  is  one  of  the  most 
picturesque  bits  of  scenery  to  be  found  in  this  country.  Here  there 
is  a  straight  plunge  of  26  or  28  feet,  and  in  the  first  mile  below  it  the 
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river  falls  53  feet  more,  while  in  tke  4  miles  above  it  the  fall  averages 
100  feet  to  the  mile. 

Above  the  latter  point  and  as  far  as  Banners  Elk  there  are  numer- 
ous shoals  and  rapids  which  would  furnish  small  and  compact  powers 
with  from  10  to  40  feet  fall;  but  there  is  no  demand  for  power  in  the 
present  state  of  the  country.  Near  the  headwaters,  and  in  particu- 
lar near  Banners  Elk,  the  fall  in  the  stream  is  very  slight,  the  creek 
flowing  through  semimarshy  areas  and  swampy  meadows  or  jieaty 
bogs  covered  with  a  dense  growth  of  laurel,  and  the  mountain  slopes 
are  covered  with  fine  timber,  spruce  predominating,  though  many 
other  varieties  occur. 

Throughout  the  basin  the  sieves  are  without  exception  steep,  rang- 
ing as  high  as  50  degrees  in  some  cases,  and  seem  to  be  covered  with 
a  deep  soil.  The  country  rock  over  the  lower  part  is  a  limestone,  that 
of  the  upper  part  gneiss  and  quartz  rock.  The  soil  of  the  immediate 
valley  is  fertile  and  well  adapted  to  agriculture,  the  principal  croj» 
being  grass,  corn,  and  wheat,  with  some  buckwheat  and  sorf^bum 
cane.     Many  varieties  of  very  fine  apples  ate  also  grown. 

The  area  being  so  largely  forested  the  flow  of  the  stream  is  large, 
the  water  never  falling  very  low  nor  rising  to  great  heights,  and 
though  the  slopes  are  steep  the  high  water  lasts  several  days.  The 
creek  rises  about  5  feet  at  the  mouth. 

The  famous  iron  mills  at  Cranberry  are  IcK^ated  within  the  basin  of 
this  stream. 

RKKCH   CREEjK. 

The  next  stream  tributary  to  the  Watauga  is  Beech  Creek,  which 
rises  on  the  northern  slopes  of  Beech  Mountain,  at  an  elevation  of 
about  5,000  feet,  and  flows  in  a  general  northwesterly  direction,  joining 
the  river  about  4  miles  above  the  State  line.  It  drains  a  considerable 
area  of  steep,  high,  and  densely'  forested  mountain  slopa*^,  a  very 
small  proportion  of  the  land  being  cleared.  The  cleared  areas  are 
confined  exclusively  to  a  small  tract  in  the  basin  of  Fogey  Creek, 
which  joins  Beech  Creek  a  short  distance  above  its  mouth,  and  to  some 
of  the  narrow  bottoms  and  small  hills  along  the  main  stream  for  2  or 
3  miles  above  its  mouth.  The  total  area  cleared  amounts  to  i>ossibly 
5  per  cent  of  the  whole  basin.  Near  the  mouth  of  the  stream  the 
country  rock  seems  to  be  a  very  good  qualitj^  of  granite,  but  as  the 
creek  is  ascended  this  soon  gives  place  to  gneiss.  The  stream  never 
falls  very  low,  and  during  high  water  it  rises  about  4  feet  at  the 
mouth,  that  being  the  elevation  of  the  highest  mark  that  was  found. 

BEAVERDAM  CREEK. 

Beaverdam  Creek,  the  next  tributary  entering  from  the  north,  rises 
near  Baker  Gap  and  Locust  Gap,  and  flowing  in  a  general  southeast- 
erly direction  joins  the  Watauga  just  to  the  west  of  the  small  moun- 
tain known  as  Dyer  Knob.     For  a  mile  or  more  above  its  mouth  this 
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streaui  is  in  a  deep  gorge,  the  sides,  which  are  very  steep,  rough,  and 
rocky,  and  entirely  wooded,  rising  from  the  water's  edge.  The  fall 
of  the  stream  in  this  gorge  is  considerable.  None  of  it,  however,  is 
now  used,  but  the  remains  of  an  old  mill  are  to  be  seen.  In  this  sec- 
tion and  for  some  distance  above  l^eander  active  timbering  operations 
are  now  in  progress,  but  so  far  very  little  timber  seems  to  have  been 
cut.  Above  this  the  vallej''  widens,  the  hills  are  lower  and  the  slojies 
less  steep,  and  much  of  the  land  is  cleared  and  under  cultivation  in 
grass  or  grain.  On  the  fork  which  rises  near  Baker  Gap  almost  all  of 
the  land  is  cleared  except  the  tops  of  the  hills  and  probably  one-half 
or  more  of  the  country  drained  by  the  other  forks.  Of  the  total  area 
drained  by  Beaverdam  Creek  probably  one-half  is  cleared  land,  with 
a  deep  and  fertile  soil.  The  stream  attained  its  minimum  flow  in  the 
fall  of  1900.     The  maximum  rise  at  its  mouth  is  about  4  feet. 

LAUREL  CREEK. 

Laurel  Creek  is  the  next  stream  of  imjK)rtance  to  join  the  Watauga. 
It  enters  from  the  south,  after  draining  a  large  basin.  The  creek 
valley  is  very  rough  and  inaccessible  for  about  2  miles  .above  its 
mouth,  the  gorge  being  deep  and  the  sides  in  many  cases  sheer  walls 
of  rock.  The  fall  in  this  distance  is  very  great,  being  GOO  or  700  feet. 
Above  this  the  fall  is  much  less,  though  it  is  still  large,  and  a  small 
part  of  the  area  has  been  cleared  and  placed  under  cultivation,  the 
clearing  being  confined  to  the  comparatively  level  lands  lying  near 
the  stream  and  amounting  to  probably  about  5  per  cent  of  the  whole 
basin.  The  hillside  slopes  are  steep  and  forested  and  the  soil  is  gen- 
erally deep  and  fertile,  although  in  some  i)laces  it  is  shallow  and  full 
of  rock  fragments.  Along  the  upper  portions  of  the  stream  the  soil  is 
swampy  in  places  and  seemingly  quite  acid  and  in  its  present  state 
unsuitable  for  cultivation. 

Extensive  lumbering  operations  have  been  begun  in  this  basin  and 
much  timber  has  been  cut  on  the  hillsides,  a  great  many  logs  being 
seen  in  the  stream  channel  awaiting  high  water  to  carry  them  down- 
stream. 

It  is  said  that  this  stream  has  never  before  reached  a  stage  of  flow 
OS  low  as  during  the  summer  of  1900.  The  average  flood  height  at 
the  mouth  is  about  5  feet. 

COVE  CREEK. 

Cove  Creek,  which  enters  the  river  from  the  north,  is  the  principal 
tributary  in  this  part  of  its  course  and  one  of  the  largest  entering  the 
stream.  It  rises  near  State  Line  Gap  and  flows  in  a  general  southerly 
direction  for  14  or  15  miles,  draining  a  broad  and  very  fertile  valley, 
which  in  comparison  with  the  larger  part  of  the  watershed  of  Watauga 
River  is  thickly  settled.  It  is  estimated  that  about  one-third  or  a 
little  more  of  the  basin  is  cleared  land,  largely  in  grass,  as  stock 
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raising  is  the  principal  industry  thronghont  this  country,  as  it  is 
farther  to  the  north.  Throughout  this  valley,  with  the  exception  of 
the  mountain  slopes  to  the  east  and  west,  the  hillside  slopes  are  rather 
gentle — rarely  reaching  30  degrees,  the  average  being  not  more  than 
20  degrees — and  the  bottom  lands  are  broad,  with  a  deep  and  fertile 
soil.  While  the  soil  of  the  hillsides  is  less  fertile,  it  produces  very 
good  crops  of  wheat  and  com.  From  an  agricultural  standpoint  the 
basin  of  this  stream  seems  to  be  more  valuable  than  any  part  of  the 
watershed  of  the  Watauga  yet  described. 

At  times  the  creek  reaches  a  very  low  stage  of  flow,  but  never  lower, 
it  is  said,  than  that  attained  during  the  summer  and  autumn  of  IIKX). 
The  average  maximum  rise  at  the  mouth  is  about  5  feet;  G  feet  is 
sometimes  reached,  and  there  is  one  rejwrt  of  a  rise  of  8  feet  several 
years  ago,  probably  when  a  destructive  flood  affected  the  entire  basin 
of  the  river. 

DUTCH  CREEK. 

Above  Cove  Creek  the  first  tribut-ary  is  Dutch  Creek,  which  enters 
the  river  at  Valle  Cruces.  This  creek  rises  on  the  southern  slopes  of 
Hanging  Rock  and  flows  in  a  general  northerly  direction,  draining 
an  area  which  is  very  largely  forest  covered,  containing  not  more  than 
20  i)er  cent  of  cleared  land,  which  is  for  the  most  part  confined  to  the 
comparatively  level  land  iminediately  along  the  creek.  The  moun- 
tain slopes  are  high,  steep,  and  quite  rugged,  and  are  covered  with 
the  original  dense  forest  growth.  Like  the  other  streams  of  the 
region,  the  creek  reached  its  lowest  stage  during  the  summer  of  1900. 
Its  maximum  rise  at  the  mouth  is  from  3  to  4  feet. 

LAUREL  CREEK. 

Laurel  Creek  is  a  small  tributary  entering  the  Watauga  from  the 
northeast,  about  2  miles  north  of  Shulls  Mill.  It  drains  a  very  small 
area,  but  carries  a  large  quantity  of  water  in  comparison  with  the 
area  drained,  the  basin  being  almost  entirely  forest  covered.  The 
cleared  land  is  confined  to  a  few  small  areas  close  to  the  river,  these 
forming  less  than  one-eighth  of  the  basin.  The  hillside  slox>es  are 
rugged,  steep,  and  very  rocky,  and  for  the  most  part  are  covered  with 
a  dense  forest  growth.  The  stream  reached  its  minimum  flow  durinsr 
the  summer  of  1900.     It  rises  3  feet  in  its  maximum  floods. 

BOONE  FORK. 

Immediately  above  Shulls  Mill  the  Watauga  is  divided  into  two 
forks,  the  one  to  the  east  being  known  as  the  Boone  Fork  and  the  one 
to  the  west  as  Watauga  River.  The  Boone  Fork  rises  on  the  eastern 
slope  of  Grandfather  Mountain  and  after  flowing  almost  due  east  for 
3  or  4  miles  turns  to  the  north  and  flows  in  that  direction  for  about  4 
miles,  or  to  its  junction  with  the  main  fork  of  the  Watauga.     There 
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are  no  roads  along  this  stream,  and  its  entire  basin  is  inaccessible. 
The  information  that  was  gathered  concerning  it  was  obtained  from 
persons  dwelling  in  the  country  near  by.  The  stream  has  a  great 
fall,  the  headwaters  rising  at  an  elevation  of  about  5,000  feet,  while 
the  elevation  at  the  junction  with  the  Watauga  is  about  2,950  feet. 
Approximately  1,000  feet  of  this  is  concentrated  in  the  first  mile  below 
the  head  of  the  stream,  making  the  average  fall  per  mile  below  that 
point  between  165  and  170  feet.  So  far  as  could  be  learned  none  of 
the  fall  is  used  except  by  the  Stonewall  mill,  a  small  sawmill  and 
gristmill  just  above  the  junction  with  the  Watauga.  The  sawmill  is 
operated  by  a  Leffel  turbine  yielding  15  horsepower  under  a  head  of 
12  feet,  which  at  low  stages  of  the  stream  requires  practically  all  of 
the  water  flowing.  The  gristmill  is  operated  by  three  homemade 
center-discharge  wheels  working  under  the  same  head,  but  the  amount 
of  power  given  off  by  them  could  not  be  ascertained. 

The  entire  area  drained  by  the  Boone  Fork  is  high,  rugged,  and 
very  mountainous,  almost  entirely  covered  with  a  dense  and  luxuri- 
ant forest  growth.  The  soil  is  deep  and  porous,  holding  back  the 
storm  waters  to  some  extent  and  feeding  them  out  gradually  to  the 
stream,  which  has  a  large  flow,  never  falling  very  low.  Notwith- 
standing the  great  slope  of  the  stream  bed  and  of  the  hillside  slopes, 
the  floods  are  not  so  violent  as  would  be  expected. 


In  Part  II  of  this  paper,  published  as  Water-Supply  and  Irrigation 
Pai)er  No.  63,  will  be  found  descriptions  of  the  drainage  basins  and 
water  powers  of  the  Nolichucky,  the  French  Broad,  the  Saluda,  the 
Broad,  the  Catawba,  the  Yadkin^  the  New,  and  other  streams  of  the 
region. 

[For  index,  see  end  of  Part  II,  Water-Supply  Paper  No.  63.] 
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HYDROGRAPHY  OF  THE  SOUTHERN  APPALACHIAN 

MOUNTAIN  REGION. 


PART    II, 


By  Henry  A.  Pressey. 


DRAINAGK  BASINS— Continued.* 
NOLICHUCKY  RIVER. 

PHYSICAL  FEATURES. 

This  river  is  formed  by  the  junction  of  Toe  River  and  Caney  River 
about  8  or  9  miles  east  of  the  Tennessee  State  line.  Toe  River  is 
formed  by  the  union  of  the  North  Toe  and  the  South  Toe  between 
Sevenmile  Ridge  and  the  Burn  Mountains.  The  area  drained  by  the 
Noliehucky  in  North  Carolina  is  in  the  high  mountains  within  the 
limits  of  Yancey  and  Mitchell  counties. 

Yancey  County  is  preeminently  mountainous,  the  Black  Mountains 
penetrating  it  from  the  southeast  and  extending  to  its  center,  or  to 
near  Bumsville.  The  great  Unaka  Range  separates  the  county  from 
Tennessee,  and  numerous  cross  chains  intersect  its  surface  in  all 
directions,  leaving  very  little  valley  land  except  along  the  banks  of 
the  streams.  As  elsewhere  in  the  region,  the  mountains  here  are  fer- 
tile to  the  top,  being  covered  with  a  deep  and  friable  soil  which  bears 
trees  of  great  size,  and  where  cultivated  produces  all  of  the  grains 
and  grasses,  as  well  as  very  excellent  fruits,  the  apples  being  especially 
fine.     Cattle  raising  is  an  important  industry. 

Mitchell  County  lies  between  the  Blue  Ridge  on  the  south  and  east 
and  the  Unakas  on  the  north,  and  like  Yancey  County  is  very  moun- 
tainous, there  being  little  valley  land  except  along  the  headwaters  of 
Toe  River.  The  cultivated  lands  are  very  fertile.  All  of  the  cereals 
grow  well,  grasses  flourish,  and  fruits  of  very  fine  quality  are  produced 
in  abundance. 

The  tributaries,  like  the  main  stream,  rise  near  the  summits  of  the 
mountain  chains  and  flow  over  rocky  and  precipitious  beds  through 
narrow  valleys.  One  of  these  rocky  stream  beds  is  shown  in  PI. 
XXVI,  a  view  of  Cane  Creek,  one  of  the  large  tributaries  of  the 
Noliehucky. 
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The  river  first  flows  almost  north  for  several  miles,  then  turns 
toward  the  northwes^t  and  flows  in  a  deep  goi^e  throagh  the  XTnaka 
Mountains  (see  PL  XXYII)  and  into  Tennessee,  where  preserving  its 
general  westerly  direction  it  finally  enters  French  Broad  River  about 
7|  miles  southeast  of  Morristown,  draining  a  total  area  of  640  square 
miles  above  the  Tennessee  line,  comprising  almost  all  of  Mitchell 
County  and  all  of  Yancey  Ck>nnty.  It  leaves  the  mountains  near 
Embreville,  Tenn.,  which  was  the  western  limit  of  the  investigation, 
although  some  observations  were  made  of  the  charaet-er  of  the 
count n-  lying  to  the  west,  sufficient  to  establish  the  fact  that  it 
diffen^  in  no  important  respects  from  the  area  already  described  as 
the  Valley  of  East  Tennessee. 

None  of  the  small  closed  drainage  basins  or  sinks  which  are  so 
nuiiipn)us  in  the  valley  of  the  Holston  were  seen  in  the  basin  of  the 
Xolichucky,  but  there  seems  to  be  a  greater  number  of  lai^  springs. 

RAINFALL. 

The  rainfall  over  the  basin  is  about  51.2  inches  per  annum,  11.4 
inches  of  which  falls  in  the  spring,  15.7  inches  in  the  summer,  ll.») 
inches  in  the  autumn,  and  13.5  inches  in  the  winter.  The  whole  area 
is  suhjtH»t  to  sudden  and  violent  rains,  producing  great  floods,  while 
in  the  winter  the  ice  moving  downstream  sometimes  forms  ice  dams 
which  do  a  great  deal  of  damage.  The  streams  are  therefore  of  much 
less  value  as  sources  of  power  than  they  otherwise  would  be.  Th«' 
effect  of  floods  on  the  Noliehucky  is  shown  in  PI.  XXVIII. 

FORESTS. 

A  verj'  large  part  of  the  basin  is  still  covered  with  the  original  forest. 
It  is  estimated  that  of  the  640  square  miles  in  North  Carolina  78  per 
cent  is  forested,  owing,  doubtless,  to  the  inaccessibility  of  the  country. 
It  is  thought,  however,  that  deforestation  will  begin  in  the  near  future, 
since  in  the  summer  of  1900  the  Ohio  River  and  Charleston  Railroad 
was  completed  as  far  as  the  mouth  of  Caney  River,  and  it  is  probable 
that  the  area  drained  by  that  stream  will  be  lumbered  at  once,  as 
already  small  spasmodic  efforts  in  that  direction  have  been  made. 
Small  sawmills  run  by  water  power  have  been  built  on  a  number  of 
the  smaller  tributaries,  and  in  a  few  instances  splash  dams  have  been 
constructed  for  the  purpose  of  driving  the  logs  over  the  rocky  ledges 
of  the  mountain  streams.  PI.  XXIX,  A^  shows  a  splash  dam  on  Little 
River,  Tennessee,  which  raises  the  water  35  feet.  PI.  XXIX,  B,  shows 
a  characteristic  combined  sawmill  and  gristmill  of  Yancey  County, 
with  its  immense  overshot  wheel. 

MmERALS. 

The  area  is  very  rich  in  minerals,  Mitchell  and  Yancey  counties,  as 
already  stated,  furnishing  a  large  part  of  the  world's  supply  of  mica. 
Many  varieties  of  gems  also  occur,  such  as  emerald,  aquamarine, 


PEESSEY.] 


NOLICHUOKY    RIVER. 


107 


amethyst,  and  tourmaline.  Some  conindnm  has  been  found,  and 
there  are  large  deposits  of  iron  ore,  notably  in  the  small  stream  valley 
of  Bunipass  Cove,  where  the  iron  is  mined  to  supply  the  furnace  at 
Embreville,  which  has  a  capacity  of  150  tons  of  pig  iron  a  day. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  a  temporary  gaging  station  was  established 
on  the  Nolichucky  near  Chucky  Valley,  Tenn.,  where  gage-height 
readings  Vere  maintained  and  measurements  were  made  as  shown  in 
the  following  table.  The  river  was  also  gaged  near  Erwin,  Tenn.,  and 
numerous  miscellaneous  measurements  were  made  on  its  tributaries, 

as  shown  by  the  table  on  pages  108  and  109. 

Diischarge  niecuturements  of  Nolichucky  River. 


Date. 


1900. 
Sept.  6 

Sept.ao 

Oct.  15 
Nov.  10 
An?.  23 
Sept.  4 


Locality. 


Near  Chncky  Valley,  Tenn 


do 

do 

do 

Near  Erwin,  Tenn 
do 


Hydrographer. 


L.  V.  Branch  and  E.  W. 
Myers. 

;iii!do"!!";iiir7ii"jjr" 

do 

L.V.Branch 

do 


Gaflre 
teieht. 


heig 


Dis- 
charge. 


Feet 
2.0 

2.18 

2.0 

2.9 

20.67 

21.53 


Sec- ft. 
302 

442 
378 
019 
770 
4U 


Note.— At  regular  stations  of  the  Geological  Snrvey  gages  are  installed  by  which  the  rise  of 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  dlschanse 
of  the  stream.  This  is  true  of  the  measurements  in  the  above  table  which  were  made  near 
Chncky  Valley.  In  making  the  measurements  near  Erwin,  however,  bench  marks  were  estab- 
lished and  measurements  were  made,  by  means  of  a  steel  t&pe^  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  water.  In  the  latter  cases,  therefore,  an  increase  in  the  gage  height 
means  a  lowering  of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the 
stream. 

WATER  POWERS. 

The  fall  of  the  river  is  very  much  less  than  would  naturally  be 
expected  in  a  stream  draining  so  high  and  mountainous  an  area,  the 
total  fall  between  the  junction  of  the  North  and  South  Toe  and 
Embreville  being  only  about  850  feet  in  a  distance,  following  the 
course  of  the  river,  of  about  40  miles,  an  average  of  about  21  feet  to 
the  mile.  Throughout  this  part  of  its  course  the  river  flows  through 
a  gorge  with  steep  and  rocky  sides,  and  although  there  are  numerous 
places  where  dams  could  be  constructed,  and  although  the  fall  per 
mile  is  large,  the  opportunities  for  developing  the  power  are  meager, 
for  building  room  is  lacking  and  the  construction  of  raceways  would 
be  costly.  Good  railroad  facilities  exist  here,  since  an  extension  of 
the  Ohio  River  and  Charleston  Railroad  passes  along  the  river  bank. 

About  li  miles  below  the  mouth  of  Caney  River,  where  the  stream 
is  about  200  feet  wide,  there  is  a  fall  of  25  feet,  or  a  little  more,  in  a 
distance  of  a  half  mile,  but  as  elsewhere  throughout  this  portion  of 
its  course,  there  is  no  building  room  close  to  the  river,  though  sites 
could  he  found  near  the  summits  of  the  hills. 
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TRIBUTARIES  OP  NOLICHUCKY  RIVER. 
DISCHARGE  MEASUREMENTS. 

The  drainage  basins  of  the  principal  tributaries  of  the  Nolicfanckr 
down  to  Embreville,  Tenn.,  were  visited  and  the  following  measure- 
ments were  made,  in  order  upstream : 

Discharge  mecuuremenU  of  tributaries  of  Noliehueky  River, 


Date. 


IfiOO. 
An|r.22 

Do. 
Sept  4 
Sept.  19 
Oct.  16 

1901. 
June  18 

1900. 
Aiig.% 
Sept.  4 
Aug.  23 

Sept.  4 
Sept  19 
Ang.23 

Oct.  16 
Ang.84 
Oct.  17 
Aug.  27 

Do... 
Jnly  2 
Aug.  26 
Oct.  21 
Oct  25 
Aug.  24 


Oct  19 
Aug.  24 

Oct  19 
Sept.  3 
Oct.  19 
Sept  3 
Oct  19 
Aug.  24 

Oct  19 

1901. 
Oct.  21 
Oct.  22 

1900. 
Aug.  25 


Oct.  20 
Aug.  25 

Oct  20 
Aug.  25 
Aug.  26 
Oct.  20 
Aug.  26 
Oct.  20 
Aug.  26 
Oct  21 
Aug.  26 
Oct  21 


Stream. 


Bock  Creek 

North    Indian 
Creek. 

do 

do 

do 

do 


.do 


Martin  Creek... 

do 

South    Indian 

Creek. 

do 

do 

Hollow  Poplar 

Creek. 

do 

Toe  River 

do 

North  Toe  River. 

do 

.....do 

do 

do 

do 

Pigeon     Roost 
Creek. 

do 

Big  Rock  Creek  . 


.....do 

Jack  Creek . . 

...do 

Pigeon  Creek 

.....do 

Cane  Creek . . 


Locality. 


.do 


.do 
.do 


Brush  Creek. 


do 

Crabtree  Creek. . 

do 

Snow  Creek 

Bear  Creek 

do 

Qrassy  Creek — 

.....do 

Beaver  Creek 

do 

Threemile  Creek 
do 


100  vards  above  mouth,  Tenn< 
Unicoi,  Tenn 


Erwin,Tenn. 

do 

do 

....do 


.do 


Near  Erwin,  Tenn 
do 


.do 

.do 
do 


Ford  of  Erwln-BakersviUe  road. 

North  Carolina. 

do 

Near  Huntdale,  N.  C 

do 

At  ford  of  Linville-Cranberry 

road,  North  Carolina. 

Flumtree.N.C 

Near  Spruoepine,  N.C 

do 

do 

do 

At  mouth.  North  Carolina 


...-do 

Ford    of    Huntdale-Bakersville 

road,  North  Carolina. 

do 

At  mouth,  North  Carolina 

do 

....do 

do 

One-half  mile  above  mouth.  North 

Carolina. 
do 


Bakersville,  N.  C 
do 


Lower  ford  of  Burnsville- 
Spruoepine  road,  North  Caro- 
lina. 

do 

Ford  of  Bumsville-Spruoepine 
road.  North  Carolina. 

do 

Wing,  N.C 

Flatrock,N.C 

do 

Spruoepine,  N.C 

do 

Near  Spruoepine,  N.  C 

do 

Near  old  poet-offlce  at  Elsie,  N.  C. 

do 


Hydrographer. 


L.y.Bnuich 
do 


do 

do 

B.  ^w .  Jftjrers 
L.  y .  Branch 


E.  W.Myers 


L.  V.  Branch 

do 

.....do 


do 

E.  W.Myers 
L.y.  Branch 


do 
.do 
do 
.do 


do^....... 

H.  A.  Pressey 
L.y.  Branch. 

.....do 

do 

do 


.do 
-do 

.do 
do 
.do 
do 
.do 
.do 

.do 


E.  ^T.  Myers 
do 


L.y.  Branch. 


.do 
.do 

.do 
.do 
.do 
.do 
.do. 
.do 
do 
do 
do 
do 


Gase 
heigfat. 


3.69 

4.68 

3. 05 
4.19 
4.05 
4.18 


Lfl9 
L68 
5.98 

6.40 
6.40 
8.15 

8.M 
15.89 
16.12 

aou 

7.66 


18. » 

18.87 

17.15 

7.89 

7,47 
2.4S 

2.64 
6.09 
8.10 
6.88 
6.85 
9.20 

9.» 


a99 


1.39 


1.51 
'7.97 

7.91 
3.CB 
3.78 
3. 70 
6.21 
5.18 
4.50 
4.28 
6.38 
5.30 


Sec-ft, 
8.37 

37.9 

51.0 
.0 

18 


174.0 


7.55 
8L45 
52.3 


68.0 
6.98 

2.61 
3»1.0 
301.0 
18.0 

79.0 

asB.0 

105.0 
78.0 

63QlO 
14.5 

4.  IS 
61.3 

S4.5 

8.71 
8.8S 
L65 
1.9S 
11.  :8 

9.  IS 


$1.05 
4. 37 


0.» 
15.2 

14.55 
S.0 
4.67 
a73 
6L09 
9.15 

as» 

&06 
2.63 
3.57 
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Discharge  meafurements  of  tributaries  of  Nolichucky  River'-Coniaxmed, 


Date. 


Stream. 


1900. 
Aug.  27 

Do" 
Do  .. 

Aug.  SS' 
Oct.  24 
Ang.27 


AuR.31 

Oct.  28 
July    1 

Aug.  25 
Aug.  30 
Oct.  27 

Aug.  ao 

Oct.  26 
Aug.  30 


Oct.  27 
Aug.  30 

Oct.  26 
Aug.  30 
Oct.  26 
Aug.  30 
Oct.  26 
Aug.  31 

Oct.  26 
Aug.  31 
Oct.  26 
Aug.  31 
Oct.  26 
Aug.  31 

Sept.  1 

Oct.  18 
Aug.  24 
Sept.  3 
Oct.  17 
Sept.  2 
Oct.  17 
Sept.  2 


Oct.  17 
Sept.  2 

Oct.  17 
Sep^2 

Oct.  is 
Sept.  2 
Oct.  18 
Sept.  1 
Oct.  18 
Sept.  1 
Oct.  18 
Sept.  1 

Oct.  18 


Henaons  Creek.. 
Plumtree  Creek 
Soaring  Creek  . 
Squirrel  Creek.. 

Horse  Creek 

do 

Whiteoak  Creek. 
Kentucky  Fork 

of  North  Toe 

River. 
South  Toe  River. 


.do 
.do 


do , 

do 

.....do 

Cane  Branch. 


...  -do 

Little  Crabtree 
Creek. 


....do. 
Brown 


Creek. 


.....do 

Whiteoak  Creek. 

do 

Locust  Creek 

.-.-.do 

Colbert  Creek... 

.....do 

Middle  Creek... 

.....do 

Rock  Creek. r.... 

.....do 

Three    Pork 

Creek. 
Carney  River.  ... 

do 

do 

do 

do 

Big  Creek 

do 

Little      Bald 

Mountain 

Creek. 

do 

Bald    Mountain 

Creek. 

do 

Elk  Shoal  Creek. 

Bald  Creek 

do 

Price  Creek 

do 

Bowlema  Creek . . 

do 

Cattail  Branch.. 

do 

Elk  Fork  Creek  . 

do 


Locality. 


At  mouth.  North  Carolina 

Plumtree,N.C 

At  mouth.  North  Carolina 

One-fourth  mile  above  mouth. 
North  Carolina. 

At  mouth.  North  Carolina 

do 

do 

do 


One  mile  above  mouth  of  Three 

Fork  Creek,  North  Carolina. 

do 

Ford   of   Micaville  -  Sprucepine 

road.  North  Carolina. 

do 

do 

do 

Ford  of  Micaville-Marion  road. 

North  Carolina. 

do 

Just  above  lower  ford  of  Mica- 

ville-Sprucepine   road.  North 

Carolina. 

do 

Ford  of  Micaville-Marion  road. 

North  Carolina. 

do 

At  mouth.  North  Carolina 

do 

do 

do 

Ford  of  Micaville-Marion  road. 

North  Carolina. 

do 

do 

do 

do 

.....do 

One-fourth  mile  above  mouth. 

North  Carolina. 
Near  Big  Tom  Wilson's,  North 

Carolina. 

do 

Huntdale.N.C 

.....do 

.....do 

At  mouth.  North  Carolina 

do 

do 


Hydrographer. 


L.  V.  Branch 

do 

do 

do 


E.Oraves ... 
L.  V.  Branch 
do 


do 


do 


do 

H.  A.  Pressey 

L.  V.  Branch . 
.....do 


.do 
.do 

.do 
.do 


.do 
do 

-do 
-do 
-do 
.do 
.do 
.do 


do., 
do. 
do. 
do. 
-do., 
.do,. 

do.. 


do 

One  mile  above  mouth,  North 

Carolina. 

.....do 

At  mouth.  North  Carolina 

Near  Bumsville,  N.  C 

....do 

do 

do 

.....do 

.....do 

do 

do 

Near  Big  Tom  Wilson's,  North 

Carolina. 
do 


-do. 
.do 
do 
.do. 
.do 
-do. 
do 


do. 
.do. 

.do. 

-do. 

.do. 

do 

-do. 

.do. 

.do 

.do. 

do. 

do. 

.do 


do 


Gtee 
height. 


Feet 
6.94 
2.99 
7.89 
3.12 

5.66 
5.15 
2.26 
2.85 


4.34 
3.30 


8. 
7. 
7. 
3. 

8. 

4. 


06 
96 
23 
92 

78 
28 


4.23 
3.02 

2.85 
4.66 
4.28 
1.98 
1.87 
3.87 

3.50 
3.94 
3.64 
1.96 
1.62 
1.49 

1.33 

1.34 
3.69 
3.82 
8.83 
2.83 
2.89 
4.91 


4.90 
3.43 

3.55 
1.63 
4.66 
4.56 
2.48 
2.53 
5.03 
4.97 
2.78 
2.64 
1.24 

1.28 


Dis- 
charge. 


Sec-ft 
4.8 
8.09 
15.57 

n.2 

9.08 
40.58 
8.36 
9.7 


26.0 

101.0 
290.8 

79.8 
86.28 
282.9 
2.96 

8.50 
17.54 


21.67 
4.94 

9.43 
4.40 
19.86 
3.83 
7.96 
2.51 


I 


,24 
J.  78 
9.20 
6.92 
28.68 
9.49 

17.11 

13.9 

89.9 

62.77 

58.3 

5.67 

2.0 

2.12 


2.61 
19.7 

10.6 
1.29 

16.25 
9.97 
9.46 
8.35 
3.45 
4.02 
2.77 
4.69 
4.78 

1.49 


NoTS.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  estab- 
lished and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the 
bench  mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  low- 
ering of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the 
reverse  of  the  i-esults  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where 
an  increase  in  the  gage  height  represents  an  increase  in  the  discliarge  of  the  stream. 
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Descriptions  of  the  drainage  basins  and  water  powers  of  the  larger 
of  these  tributary  streams  are  given  on  the  following  pages,  in  order 
upstream. 

NORTH  INDIAN  CREEK. 

Around  Erwin,  Tenn.,  and  up  North  Indian  Creek  there  is  a  very 
picturesque  farming  country.  The  creek  drains  a  large  area,  the 
upper  part  of  which  is  mountainous,  with  steep  slopes,  while  near  the 
Nolichucky  it  broadens  out  into  a  fertile  valley.  The  low-water  dis- 
charge was  measured  and  found  to  be  22  second-feet.  On  this  creek, 
at  Unicoi,  Tenn. ,  the  Unaka  Milling  and  Lumber  Company  has  a  large 
wood- working  plant  and  gristmill.  Their  power  (about  40  horsepower) 
is  developed  by  20-inch  and  24-inch  turbines  working  under  a  head  of 
16  feet.  Just  above  Unicoi  an  old  ore  washer  formerly  utilized  a  fall 
of  30  feet,  but  it  is  now  out  of  use.  On  Dick  Creek,  a  tributary  of 
North  Indian  Creek,  there  are  four  falls  averaging  30  to  40  feet  each. 
In  the  limestone  cove  on  North  Indian  Creek  there  are  four  gristmills 
using  the  water  power.  This  cove  is  a  widening  of  the  valley  of  the 
creek,  and  in  it  are  a  number  of  good  farms  under  cultivation.  Much 
limestone  is  found  over  this  entire  section  of  country.  Two  miles 
above  Erwin;  on  the  Nolichucky,  J.  T.  Wilder  has  a  sawmill  and  wood- 
working plant.  The  dam  across  the  stream  is  17  feet  high  and  backs 
the  water  in  the  river  three-fourths  of  a  mile.  About  80  horsepower 
is  developed  by  one  turbine. 

SOUTH  INDIAN  CREEK. 

Entering  the  river  from  the  south,  about  2  miles  above  Erwin,  is 
South  Indian  Creek,  a  stream  in  many  resjiects  similar  to  North 
Indian  Creek,  though  the  proportion  of  cleared  land  in  its  basin  is 
somewhat  less. 

The  creek  rises  on  the  northern  slope  of  the  Unaka  Mountains, 
draining  an  area  the  upper  part  of  which  is  made  up  of  high,  steep, 
and  rugged  mountain  slopes,  which  as  a  rule  are  very  densely  forested. 
As  the  stream  is  descended,  however,  the  mountains  recede  from  it 
and  leave  broad  and  fertile  bottoms,  which  are  entirely  cleared  and 
under  cultivation,  grass,  corn,  and  wheat  being  the  principal  crops. 
The  cleared  areas  form  a  very  small  part  of  the  whole  basin,  however, 
probably  less  than  10  per  cent. 

A  great  deal  of  timber  is  being  cut  in  this  area,  particularly  noar 
the  heads  of  the  smaller  tributaries  near  its  mouth,  and  there  are  sev- 
eral small  sawmills  located  on  the  creek  which  cut  part  of  this  product, 
the  remainder  being  worked  upon  the  spot  by  the  small  portable  saw- 
mills which  are  moved  from  place  to  place  as  the  timber  is  cut. 

At  the  time  the  stream  was  visited  in  September,  1900,  its  discharge 
was  very  low — ^about  33  second-feet.  It  is  said  to  have  reached  a  lower 
stage  during  the  summer  and  fall  of  that  year  than  ever  before.  The 
flood  rise  at  the  mouth  is  between  7  and  8  feet. 
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HOLLOW  POPLAR  CREEK. 

This  stream,  which  receives  its  drainage  from  the  eastern  slope  of 
the  IJnaka  Mountains,  has  a  low- water  flow  of  about  6  second-feet. 
Excepting  the  lower  2  miles,  where  there  are  several  small  farms,  the 
creek  valley  is  very  narrow,  with  almost  no  land  under  cultivation. 
The  side  hills  are  steep  and  are  heavily  covered  with  timber  and  under- 
brush. The  slope  is  greater  than  that  of  either  North  Indian  Creek  or 
South  Indian  Creek,  the  total  fall  from  source  to  mouth,  a  distance  of  5 
miles,  being  about  2,000  feet.  The  fall  is  greatest  near  the  head- 
waters, where  it  is  a  mountain  stream  jumping  from  ledge  to  ledge 
down  the  side  of  the  mountain.  There  is  no  cleared  land  except  near 
its  mouth,  the  steep  slopes  being  covered  with  the  original  forest 
growth. 

NORTH  TOE  RIVER. 

The  North  Toe  rises  on  the  western  slope  of  the  Blue  Ridge,  in  the 
northeastern  part  of  Mitchell  County.  Its  xsourse  is  circuitous,  flow- 
ing ftrst  to  the  southwest,  then  to  the  west,  and  then  to  the  north- 
west, receiving  numerous  tributaries,  the  chief  of  which  is  the  South 
Toe,  which  unites  with  it  on  the  line  between  Mitchell  and  Yancey 
counties.  Practically  the  whole  of  Mitchell  County  is  drained  by  the 
North  Toe  and  its  tributaries,  the  Nolichucky  proper  receiving  the 
drainage  from  the  extreme  western  part  of  the  county,  a  small  part  of 
the  northeastern  section  draining  into  Elk  Creek,  a  tributary  of  the 
Watauga,  and  another  small  portion  of  the  eastern  section  being 
drained  by  Linville  River. 

The  region  of  the  headwaters  of  the  North  Toe  is  very  rough, 
with  steep  mountain  slopes  and  narrow  valleys  sparsely  populated. 
Along  Whiteoak  Creek  and  for  a  distance  on  the  main  stream  and 
the  Kentucky  Fork  above  their  junction  the  valley  is  wide  and  flat, 
but  is  heavily  timbered.  Part  of  it  is  in  a  rather  swampy  condition 
and  is  covered  with  heavy  laurel  thickets.  Below  the  mouth  of 
Whiteoak  Creek  the  mountains  close  in  and  form  a  narrow  and  steep 
•gorge  as  far  down  as  Horse  Creek.  There  the  valley  widens  out  a 
little,  and  from  there  down  there  is  some  bottom  land  under  cultiva- 
tion on  each  side  of  the  river. 

The  tributaries  of  the  river  in  this  section  and  as  far  down  as 
Sprucepine  flow  directly  from  the  mountains  in  narrow  gorges.  They 
are  for  the  most  part  short  streams  with  great  fall  but  with  little 
water.  The  only  cleared  land  along  them  is  within  a  half  mile  of 
their  mouths  or  on  top  of  the  mountains  from  which  they  flow,  the 
mountain  sides  being  too  steep  for  successful  cultivation.  Through- 
out the  region  from  the  head  of  the  river  and  its  tributaries  down  to 
Sprucepine  and  to  the  mountain  summits  on  either  side  probably  not 
more  than  one-sixth  of  the  land  is  cleared.     The  cleared  areas  are 
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nearly  all  planted  in  wheat  and  com,  although  a  small  portion  is  in 
grass,  for  grazing  purposes.  A  few  miles  above  Sprueepine  the  moun- 
tains recede  from  the  river,  leaving  a  very  wide  valley,  which  extends 
down  to  the  Cane  Creek  Valley  on  the  north  side  of  the  river  and  to 
Caney  River  on  the  south  side.  This  valley  is  rather  hilly  through- 
out most  of  it«  area,  and  the  land  is  cleared  on  the  north  side 
between  Sprueepine  and  Bakersville.  On  the  south  side  most  of  the 
cleared  land  is  around  Bumsville,  although  there  are  a  number  of 
farms  near  Sprueepine  and  along  Grassy  Creek. 

One  mile  above  the  mouth  of  Pigeon  Roost  Creek  and  just  above 
the  ford  there  is  a  very  good  site  for  the  construction  of  a  dam.  A 
water  power  of  considerable  magnitude  could  be  developed  here. 
Lying  to  the  south  of  the  main  channel  of  the  river  is  an  island  which 
rises  about  15  feet  above  the  water  level  and  is  never  overflowed,  not 
even  during  the  highest  floods.  There  is  a  heavy  fall  in  the  river,  and 
by  the  construction  of  a  dam  from  the  end  of  the  island  to  the  north 
bank  of  the  stream  all  of  the  water  could  be  turned  into  the  narrow 
channel  l)ehind  the  island  and  a  fall  of  15  feet  or  more  be  obtained. 

Above  this  point  there  are  many  shoals,  the  river  having  a  large 
fall  throughout  that  part  of  its  course,  flowing  in  a  deep  gorge,  with 
sides  rising  at  angles  of  30  to  40  degrees.  There  are  several  small 
mills  on  the  upper  part  of  the  river,  but  the  larger  portion  of  the  power 
developed  in  the  basin  is  derived  from  the  tributaries,  the  needs  of 
the  mills  requiring  the  development  of  only  a  few  horsepower  at  any 
place.  Powers  of  considerable  magnitude,  however,  can  be  developed 
on  these  streams,  for  notwithstanding  the  amount  of  water  car- 
ried by  each  one  is  small  the  fall  obtainable  in  a  short  distance  is 
large,  and  absolutely  safe  locations  for  buildings  can  be  obtained, 
which  is  not  always  the  case  on  the  main  river. 

The  first  mill  of  anj^  size  on  the  North  Toe  is  just  above  the  mouth 
of  Bear  Creek.  It  is  a  gristmill,  mica-grinding  mill,  and  wood-carving 
establishment.  The  owners  have  developed  a  6-foot  fall  and  claim  to 
have  about  75  horsepower.  At  Elsie,  farther  upstream,  there  is  a 
combined  flour  mill,  sawmill,  and  gristmill  with  a  small  dam  giving 
a  10-foot  fall. 

Just  below  the  mouth  of  Plumtree  Creek  Vance  Brothers  have  a 
combined  mica  mill  and  sawmill,  using  a  large  part  of  the  low-water 
flow  in  the  river  with  a  36-inch  Samson  turbine  under  an  11-foot  head. 
Mica  is  abundant  throughout  this  district,  and  is  mined  extensively 
from  Plumtree  Creek  down  the  river  as  far  as  Big  Rock  Creek  on  the 
north  and  Caney  River  on  the  south.  In  this  district  there  are  also 
several  water  powers  developed  for  grinding  mica. 

The  swift-flowing  tributary  streams  of  the  North  Toe,  with  their 
numerous  vertical  falls,  furnish  abundant  power  for  small  mills,  and  a 
number  of  the  power  sites  have  been  developed,  though  in  a  snuall 
way. 
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On  Pigeon  Roost  Creek,  which  enters  Toe  River  2  miles  above  the 
month  of  Caney  River  and  has  a  low-water  flow  of  about  14^  second- 
feet,  there  are  two  large  milLs,  the  first  a  small  sawmill  and  gristmill 
about  100  yards  above  its  mouth,  utilizing  a  fall  of  16  feet;  the  second 
one  a  sawmill  and  gristmill  3  miles  upstream,  using  an  overshot  wheel. 

There  are  only  two  rolling  mills  in  Mitchell  County — one  on  Big 
Rock  Creek,  belonging  to  Henry  Master  and  having  a  capacity  of  30 
barrels  per  da}'^;  the  other  on  Cane  Creek,  just  below  Bakersville, 
and  having  about  the  same  capacity.  At  Magnetic,  on  Big  Rock 
Creek,  there  is  a  large  mica  mill,  and  at  the  mouth  of  Beams  Creek 
is  located  Garland's  mica  mill,  using  a  154^-inch  Leffel  wheel.  On 
Cane  Creek  there  is  a  sawmill  just  above  its  mouth,  and  at  Wing,  on 
Snow  Creek,  J.  C.  Phillips  has  a  sawmill  and  gristmill  using  two 
overshot  wheels  of  14  and  15  feet  diameter,  respectively.  Above  this 
mill  there  are  two  small  gristmills  on  Snow  Creek. 

On  Crabtree  Creek,  4  miles  above  the  mouth,  there  is  a  fall  of  100 
feet,  40  feet  of  which  is  in  a  clear  vertical  leap.  Six  mica  mills,  run 
by  one  turbine  under  116  feet  head,  are  located  at  this  place.  On 
Bear  Creek  there  are  two  small  com  mills  with  a  fall  of  20  feet  and 
12  feet,  respectively.  On  Beaver  Creek  there  is  a  combined  sawmill 
and  corn  and  wheat  mill  run  by  an  overshot  wheel  and  a  Leffel  tur- 
bine with  an  18-foot  fall.  Farther  up  the  stream  there  is  a  small 
com  mill  run  by  a  16-foot  overshot  wheel. 

On  Hensons  Creek  (marked  Powdermill  Creek  on  atlas  sheet — an 
obvious  error,  for  PowdermiU  Creek  is  the  unnamed  tributary  just 
above  it)  there  are  three  mills.  The  lower  one  is  a  small  gristmill 
run  by  a  tub  wheel.  Above  this  is  Houston's  sawmill,  gristmill,  and 
planing  mill,  run  by  a  Leffel  wheel  under  a  35-foot  head.  The  upper 
mill,  Green's  sawmill,  has  an  overshot  wheel  and  23  feet  fall.  On 
Plumtree  Creek  there  is  a  mill,  run  by  using  the  12-foot  fall  on  a  tur- 
bine wheel,  making  pins  for  telegraph  wires.  One  mile  above,  on  the 
same  creek,  there  is  a  mica  mill  using  91  feet  fall  on  a  turbine.  Still 
higher  up  on  Plumtree  Creek  there  are  four  small  corn  mills.  Pow- 
dermill Creek,  Hensons  Creek,  Roaring  Creek,  and  Squirrel  Creek, 
running  down  the  sides  of  the  mountain,  have  almost  unlimited  falls 
but  little  water.  The  discharge  of  tliese  streams  at  their  lowest 
stages  is  as  follows:  Hensons  Creek,  4.8  second-feet;  Powdermill 
Creek,  barely  1  second-foot;  Roaring  Creek,  16  second-feet;  and 
Squirrel  Creek,  11  second-feet. 

By  far  the  largest  tributary  of  the  North  Toe  is  Big  Rock  Creek, 
which  with  its  tributary  Little  Rock  Creek  rises  on  the  southern 
8loi)e  of  the  Iron  Mountains,  which  form  the  dividing  line  between 
Tennessee  and  North  Carolina.  They  receive  a  large  part  of  the 
drainage  from  those  high  and  rugged  mountains,  the  culminating  peak 
of  which  is  Roan  High  Knob,  with  an  elevation  of  6,313  feet.  Cloud- 
land,  a  noted  summer  resort  on  this  peak,  affords  one  of  the  finest 
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views  obtainable  from  any  of  the  summit43  of  the  Appalachian  Moun- 
tains. Here  is  a  very  comfortable  summer  hotel,  pure  water,  cool 
climate,  and  all  that  goes  to  make  a  pleasant  and  healthful  summer 
resort.  A  narrow-gage  railroad  passes  through  Roan  Mountain  Sta- 
tion, 12  miles  from  Roan  High  Knob,  from  which  point  a  good  road 
has  been  built  up  the  mountain  side.  When  on  Roan  Mountain  the 
Black  Mountains,  Hawks  Bill,  Table  Rock  (on  Linville  River),  and 
the  mountains,  of  Virginia  and  Tennessee  are  in  full  view.  One  can 
but  wonder  why  more  is  not  known  of  these  mountains  and  why  the 
visitors  are  so  few.  It  is,  however,  probably  a  matter  of  only  a  few 
years  before  this  region  will  be  one  of  the  great  mountain  resorts  of 
the  country. 

SOUTH  TOE  RIVER. 

This  river  rises  in  the  southern  part  of  Yancey  County,  N.  C,  and 
flows  directly  north  into  the  North  Toe.  It  receives  its  drainage  from 
the  eastern  slope  of  the  Black  Mountains  and  the  western  slope  of 
Sevenmile  Ridge.  It  follows  close  to  the  base  of  the  latter  ridge, 
which  rises  abruptly  from  the  water's  edge.  On  the  west.side  of  the 
stream  the  steeper  slopes  of  the  Black  Mountains  are  about  2  miles 
from  the  river,  leaving  a  narrow  valley  between.  There  are,  how- 
ever, no  farms  on  either  side  of  the  stream,  and  even  in  the  narrow 
valley  on  the  west  side  only  a  few  tracts  (hardly  one-fifth  of  the  area) 
have  been  cleared  for  cultivation.  Considering  the  drainage  basin 
from  the  river  to  the  mountain  summits  on  both  sides,  probably  not  1 
per  cent  of  the  land  has  been  cleared.  About  2  miles  above  the  mouth 
of  the  river  the  mountains  on  both  sides  recede,  leaving  the  land  from 
that  point  to  the  North  Toe  level  compared  with  the  rest  of  the  region, 
although  it  is  still  a  very  hilly  country. 

Little  Crabtree  Creek,  with  a  minimum  discharge  of  18  second-feet, 
is  the  largest  tributary  of  the  South  Toe.  It  rises  near  Burnsville, 
in  the  foothills  of  the  mountains,  and  joins  the  river  a  short  distance 
northeast  of  Micaville.  The  river  has  seven  other  small  tributaries, 
ranging  in  size  from  2.5  to  9.5  second-feet  at  their  lowest  mid-summer 
flow. 

There  is  not  a  mill  on  the  South  Toe,  and  only  one  or  two  small 
corn  mills  on  its  tributaries.  The  steep  watershed  and  the  short 
tributaries  carry  the  rainfall  quickly  to  the  main  stream,  causing 
rapid  fluctuations  and  high  floods,  making  mill  improvements  difficult 
and  expensive.  This  probably  accounts  for  the  few  power  develop- 
ments in  the  watershed. 

CANEY   RIVER. 

This  river  also  rises  in  the  southern  part  of  Yancey  County  and 
flows  northward  uniting  with  Toe  River  to  form  the  Nolichucky.  It 
receives  its  drainage  from  the  western  slopes  of  the  Black  Mountains 
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and  the  eastern  slopes  of  the  Bald  Mountains,  and  has  a  minimum  dis- 
charge of  about  63  second-feet  from  a  drainage  ar«a  of  about  158  square 
miles.  The  western  slopes  of  the  Black  Mountains  are  similar  to  the 
eastern  slopes,  which  are  drained  by  the  South  Toe,  being  steep  and 
heavily  wooded,  the  forest  growth  changing  from  the  foot  to  near  the 
top,  where  little  except  balsam  is  able  to  stand  the  low  temperature. 
Near  the  foot  of  the  mountains  large  areas  are  covered  with  heavy 
laurel  thickets. 

Unlike  the  South  Toe,  most  of  the  cleared  land  along  Caney  River 
is  in  its  upper  and  middle  portions,  while  along  its  lower  course  the 
stream  flows  through  a  valley  so  narrow  that  it  may  be  considered 
almost  a  gorge.  The  valley  above  Burnsville,  however,  is  wider  than 
that  of  the  South  Toe  and  has  a  larger  percentage  of  cleared  land.  One 
mile  below  Burnsville  the  river  enters  a  narrow  gorge  through  which 
it  runs  for  about  3  miles,  but  even  here  the  higher  lands  are  largely 
cleared.  Farther  down,  the  country  is  flat  and  well  cleared  for  6  or  7 
miles;  then  the  river  enters  the  narrow  gorgelike  valle}'  through  which 
it  flows,  with  many  twists  and  turns,  around  the  mountain  knobs  to 
its  mouth.  In  this  gorge  there  are  verj^  few  places  wide  enough  for 
clearing,  but  on  the  mountain  sides  the  land  is  cleared  except  in  the 
steepest  parts.  During  the  last  summer  (1900)  the  Ohio  River  and 
Cliarleston  Railroad  was  extended  up  Nolichucky  River  as  far  as  the 
mouth  of  Caney  River,  and  since  that  time  much  lumbering  has  been 
done  in  this  section,  as  already  mentioned.  Of  the  area  drained  by 
Caney  River  perhaps  one-fourth  is  cleared.  Fully  one-half  of  the 
valley  land  is  cleared  and  is  largely  under  cultivation.  Wheat  and 
corn  are  the  principal  crops.  Near  the  head  of  the  valley  lives  Big 
Tom  Wilson,  one  of  the  earliest  settlers  in  this  region  and  the  man 
who  found  Professor  Mitchell  after  his  ill-fated  expedition  and 
untimely  death. 

The  only  tributaries  of  Caney  River  of  any  size  are  Bald  Creek, 
which  has  a  low- water  flow  of  16  second-feet,  and  Bald  Mountain 
Creek,  which  has  a  low- water  flow  of  20  second-feet.  Thei'e  are  other 
smaller  tributaries,  ranging  in  their  low- water  discharge  between  1.3 
and  9.5  second-feet. 

Only  one  water  power  on  Caney  River  has  been  developed,  and  this 
by  a  small  gristmill  located  about  halfway  between  Burnsville  and 
the  mouth  of  the  river.  A  large  tract  of  land  at  the  headwaters, 
including  the  northwestern  slope  of  Mount  Mitchell,  is  owned  by 
Colonel  Murchison,  of  New  York,  who  holds  it  as  a  game  preserve. 

FRENCH  BROAD  RIVER. 
GENERAL  FEATURES. 

French  Broad  River  rises  on  the  eastern  slope  of  the  Tennessee 
Ridge,  between  Jackson  and  Transylvania  counties,  N.  C,  flows  in  a 
general  northeasterly  direction  across  Transylvania  and  Henderson 
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counties,  a  distance  of  about  30  miles,  then  northward  across  Bun- 
combe County,  a  distance  of  more  than  20  miles,  then  northwesterly 
across  Madison  County,  a  distance  of  20  miles,  through  the  Great 
Smoky  Mountains  and  into  eastern  Tennessee,  where  it  is  joined  by 
the  Nolichucky  and  the  Holston,  and  finally  enters  Tennessee  River, 
its  waters  eventually  reaching  the  Mississippi  and  the  Gulf  of  Mexico. 
For  convenience  the  drainage  basin  has  been  divided  into  two  parts: 
(1)  The  area  drained  by  the  river  in  North  Carolina,  and  (2)  the  area 
drained  by  it  in  Tennessee. 

WATERSHED  IN  NORTH  CAROLINA. 

The  portion  of  the  drainage  basin  of  French  Broad  River  in  North 
Carolina  is  comprised  within  the  limits  of  Transylvania,  Henderson, 
Buncombe,  and  Madison  counties.  The  small  streams  from  the  monn- 
tains  in  the  upper  part  of  the  watershed  soon  reach  the  wide  plateau 
and  unite  into  a  broad  and  sluggish  river,  with  practically  no  shoals 
or  falls.  Little  islearing  has  been  done  on  the  upjier  watershed,  but  an 
extension  of  the  Transylvania  Railroad  has  just  been  completed  as  far 
as  Jeptha,  for  the  purpose  of  transporting  lumber.  The  terminus  of 
this  extension  is  called  Toxaway.  The  lai^er  part  of  the  land  around 
the  headwaters  of  the  main  stream  as  far  as  the  North  Fork  is  owned 
by  the  Toxaway  Company,  and  they  expect  very  soon  to  commence 
extensive  lumbering  operations. 

Through  all  of  this  region  springs  are  numerous,  and  the  water  is 
pure  and  cold.  Above  Jeptha  there  is  very  little  pasture  land,  but 
the  region  appears  to  be  well  adapted  to  grazing.  The  mountains 
around  the  head  of  the  North  Fork  are  high,  many  of  them  reaching 
an  elevation  of  6,000  feet.  They  are  traversed  by  trails  only,  the  for- 
ests being  still  in  a  wild  condition  and  the  region  but  sparsely  xK>pu- 
lated.  The  watershed  of  the  North  Fork  as  a  whole  is  not  thickly 
wooded,  but  no  timber  cutting  has  been  going  on  for  a  long  time. 
Most  of  the  land  east  of  this  stream,  including  the  large  area  of  Pisgah 
Ridge,  is  owned  by  Mr.  George  W.  Vanderbilt  and  is  under  the  care  of 
an  expert  forester.  Above  Jeptha  the  mountains  close  in  to  the  banks 
of  the  stream,  and  consequently  the  branches  are  short  and  the  slopes 
steep.  Between  the  mouth  of  Tucker  and  Shoal  creeks,  on  the  North 
Fork,  are  some  excellent  shoals,  but  no  suitable  locations  for  large 
buildings,  although  there  are  shelves  of  rock  on  each  bank  throughout 
the  entire  distance.  The  fall  here  is  about  30  feet  in  200,  consisting 
of  three  drops  about  100  yards  apart,  with  rapids  intervening.  The 
water  power  has  not  yet  been  utilized. 

The  drainage  area  of  the  river  above  Asheville  is  987  square  miles; 
the  total  drainage  area  in  North  Carolina  1,745  square  miles.  Of 
this  total  area  at  the  time  the  Tenth  Census  was  taken  1,091,000  acres 
were  under  cultivation  and  8,079,000  acres,  oe  78  per  cent  of  the 
whole,  were  still  forest  covered.     In  1890,  according  to  information 
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gathered  for  the  Eleventh  Census,  about  30  per  cent  of  the  area  was 
cultivated  land,  and  as  the  rate  of  clearing  has  been  accelerated  dur- 
ing the  last  decade,  on  account  of  the  large  development  of  the  lum- 
ber industries,  it  seems  safe  to  conclude  that  at  the  present  time  about 
40  per  cent  of  the  whole  area  is  either  cultivated  land  or  land  from 
which  the  timber  has  been  removed. 

Transylvania  County,  in  which  are  the  headwaters  of  the  river,  is  a 
true  mountain  region,  having  on  its  southern  boundary  the  Blue 
Ridge  in  its  most  massive  and  imposing  form,  and  being  the  starting 
point  of  the  great  Pisgah  and  Balsam  ranges,  which  stretch  through 
the  county  toward  the  north.  The  only  exceptions  to  the  rugged 
topography  are  the  broad  and  fertile  valleys  of  the  French  Broad 
and  its  tributaries,  which  are  cultivated  and  in  a  high  state  of  im- 
provement, being  among  the  most  valuable  and  productive  farming 
lands  in  the  State.  These  valleys  are  the  scene  of  an  important 
stock-raising  industry,  which  is  the  principal  source  of  revenue, 
though  enormous  crops  of  cereals  and  grasses  are  produced,  some 
tobacco  is  raised,  and  fruits  of  large  size  and  fine  flavor  are  grown. 
The  greater  part  of  the  county  is  still  in  the  original  forest  growth  of 
the  usual  varieties  found  in  these  mountains,  which  attain  great  size 
on  account  of  the  surpassing  fertility  of  the  soil.  There  are  extensive 
areas  of  white-pine  timber  which  will  yield  fairly  good  lumber.  The 
merchantable  trees  of  walnut  and  cherry  have  been  largely  removed, 
though  an  occasional  walnut  of  fair  size  is  seen,  and  small  tracts  of 
cherry  are^  said  to  exist  on  the  higher  mountain  slopes.  Large  tracts 
of  x>oplar  are  also  to  be  found,  and  but  little  oak  has  been  cut.  It  is 
estimated  that  of  the  total  area  of  the  county  only  about  15  per  cent 
is  cleared  land. 

There  has  been  no  development  whatever  of  the  mineral  wealth  of 
Transylvania  County,  though  gold,  silver,  lead,  copper,  nickel, 
asbestos,  corundum,  and  mica  are  said  to  exist  in  the  vast  wilderness 
of  the  Balsam  and  the  Pisgah  mountains. 

Henderson  County  is  the  northward  or  downstream  continuation  of 
the  valley  of  the  French  Broad,  and  its  topographic  features  are  simi- 
lar to  those  of  Transylvania  County,  except  that  its  areas  of  com- 
paratively level  and  fertile  land  are  larger  and  the  general  aspect  of 
the  country  is  less  mountainous.  A  remarkable  feature  is  the 
apparent  great  depression  of  the  surface  and  the  width  of  the  stream 
valleys,  some  of  which  assume,  as  on  Mud  Creek,  the  character  of  a 
wide  swamp.  This  depression  is,  however,  apparent  and  not  real,  the 
most  depressed  portions  being  above  the  level  of  the  Blue  Ridge 
plateau.     The  hillside  slopes  are  very  gentle. 

The  soil  on  the  uplands  is  not  remarkably  fertile,  being  a  light- 
gray  gravelly  or  sandy  loam.  The  soil  in  the  valleys  is  in  large  part 
alluvial,  with  much  vegetable  matter,  and  yields  large  crops  of  grains, 
grasses,  vegetables,  and  fruits.  Corn  grows  well,  especially  in  the 
valleys,  but  the  principal  agricultural  industry  is  the  production  of 
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cabbages  and  other  vegetables  for  market.     A  great  deal  of  fruit  is 
also  grown,  and  is  either  canned  or  dried. 

Along  the  stream  valleys  of  Henderson  County  pine  is  the  predom- 
inant growth,  but  on  the  uplands  oak,  chestnut,  hemlock,  and  pine 
are  to  be  found,  while  near  the  summit  of  the  mountains  and  in  the 
cold  and  sheltered  coves  walnut,  cherry ,.  maple,  and  an  occasional 
white  pine  are  seen.  The  lumber  industry,  however,  is  of  small 
importance,  though  some  logs  have  been  floated  to  Asheville,  and 
small  amounts  of  timber  are  cut  annually  for  local  uses.  Some  tan 
bark  is  also  gathered. 

Although  the  proportion  of  comparatively  level  land  in  this  county 
is  very  great,  a  smaller  proportion  of  the  area  is  cleared  than  in  either 
Madison  County  or  Buncombe  County,  the  cleared  land  amounting  to 
about  31  per  cent  of  the  whole,  according  to  the  returns  bf  the  Eleventh 
Census,  and  only  small  amounts  of  clearing  have  been  done  since 
that  time,  so  that  it  is  improbable  that  the  cleared  land  now  amounts 
to  more  than  35  per  cent  of  the  entire  area. 

The  country  rock  throughout  Henderson  County  is  for  the  most 
part  a  gneiss,  but  the  valley  of  Boylston  Creek  is  in  a  schistose  lime- 
stone of  a  gray-blue  color,  which  in  places  carries  thin  veins  of  quartz. 
The  mineral  wealth  of  the  county  is  greater  than  that  of  either  Madi- 
son County  or  Buncombe  County.  What  is  said  to  be  the  largest 
deposit  of  zircon  in  the  United  States  occurs  in  the  valley  of  Green 
River,  and  gold  is  found  at  the  Boylston  mine,  on  the  southeastern 
slope  of  Forge  Mountain,  13  miles  west  of  Hendersonville.  • 

The  general  surface  of  Buncombe  County,  the  next  county  to  the 
north,  is  more  hilly  than  mountainous,  with  stream  valleys  narrow 
and  limited  in  extent,  which,  however,  offer  good  facilities  for  agri- 
cultural operations.  Between  Asheville  and  Alexander  the  count  rj- 
on  the  north  side  of  the  river  as  far  as  could  be  seen  was  gently  roll- 
ing, with  slopes  of  from  5  to  15  degrees,  about  two-thirds  cleared  and 
largely  cultivated  in  grass.  On  the  south  side  of  the  stream  the 
country  preserves  the  same  general  character,  but  the  hillside  slopes 
appear  gentler,  averaging  between  5  and  10  degrees,  about  the  same 
proportion  of  land  being  cleared.  The  forest  growth,  which  for  sev- 
eral miles  back  from  the  stream  is  in  small  segregated  areas — ^too  small 
to  affect  the  run-off — is  more  largely  pine  than  in  the  basins  hereto- 
fore described.  A  number  of  tributaries  rising  in  the  gaps  of  the 
mountains  enter  the  main  stream,  adding  much  to  the  beauty  of  the 
scenery.  Every  year  great  numbers  of  tourists  visit  the  valley  of 
the  French  Broad  in  search  of  health  or  pleasure.  PI.  XXX  is  a  view 
on  Swannanoa  River,  one  of  the  favorite  streams  of  nature4oviiig 
tourists. 

The  upland  soils  in  Buncombe  County  are  stiff,  even-grained  laaans, 
rarely  sandy,  generally  deep,  being  derived  frgm  the  disintegEation 
in  »itu  of  gneiss,  and  are  on  the  whole  very  fertile.  The  soils  on  the 
lowlands  are  rich  sedimentary  loams,  with  much  vegetable  matter 
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along  the  smaller  streams.  Along  the  larger  streams  are  loams  simi- 
lar in  character  to  those  on  the  smaller  streams,  but  more  sandy  and 
less  fertile.  The  hills  erode  rapidly  when  uni)rotected,  but  are  gen- 
erally quickly  seeded  with  grass,  producing  a  retentive  turf. 

The  soils  produce  all  of  the  cereals,  grasses,  and  fruits,  wheat  yield- 
ing 10  or  more  bushels  to  the  acre.  Oats  do  well.  Corn  thrives,  pro- 
ducing from  30  to  40  bushels  to  the  acre,  while  clover  and  the  grasses 
yield  fine  crops  of  hay.  In  recent  years  more  and  more  attention  has 
been  paid  to  the  raising  of  beef  cattle  for  market,  and  this  is  now  an 
important  industry  throughout  the  county.  Many  chickens  and 
turkeys  are  also  raised,  these  selling  for  good  prices.  Of  the  fruits, 
apples  are  produced  in  greater  abundance  than  any  other,  and  they 
are  of  large  size  and  fine  flavor.  All  vegetables  grow  well,  the  cab- 
bages being  particularly  good.  Tobacco  is  largely  cultivated  along 
the  river  and  on  the  hills  a  few  miles  back  from  it,  these  localities 
seeming  best  adapted  to  its  production.  A  good  grade  of  bright 
tobacco  is  obtained. 

The  timber  in  Buncombe  County  includes  all  of  the  varieties  found 
in  the  mountains — oak,  hickory,  walnut,  beech,  birch,  chestnut,  locust, 
pine,  spruce,  and  others,  with  a  dense  undergrowth  of  dogwood,  laurel, 
azalea,  and  other  shrubs.  There  are  large  mills  sawing  lumber  at 
Asheville  and  many  small  ones  in  close  proximity  to  the  timber.  A 
considerable  quantity  of  tan  bark  is  also  shipped  from  the  county, 
the  oak  stocks  being  generally  sold  for  fuel  after  being  barked,  but 
as  a  rule  no  use  is  made  of  the  hemlock  stocks.  Walnut,  curly  birch, 
and  curly  ash  are  shipped  in  the  log  to  veneering  factories,  but  the 
merchantable  trees  of  this  class  have  been  largely  removed,  and  pop- 
lar and  cucumber  trees,  which  furnish  the  chief  building  materials  of 
the  region,  are  also  becoming  scarce.  Timber  that  can  be  floated, 
such  as  pine,  poplar,  and  chestnut,  has  been  largely  removed  to  sup- 
ply the  mills  at  Asheville,  but  little  oak  has  been  cut.  According  to 
the  returns  of  the  Eleventh  Census,  about  25  per  cent  of  the  area  of 
the  county  was  at  that  time  cleared  land.  Since  then,  however,  much 
clearing  has  been  done,  so  that  it  is  estimated  that  at  the  present 
time  40  per  cent  of  the  area  is  cleared;  some  estimates  place  the 
amount  of  cleared  land  at  50  per  cent,  and  it  is  generally  stated  that 
about  two-thirds  of  the  cultivable  land  is  cleared.  Mr.  George  W. 
Vanderbilt  is  the  largest  owner  of  forest  lands  in  the  county.  He 
owns  many  thousand  acres  to  the  south  and  east  of  Asheville,  and 
modem  scientiflc  methods  of  forest  management  have  been  inaug- 
urated in  all  forests  owned  by  him. 

As  has  previously  been  stated,  the  country  rock  of  Buncombe 
County  is  principally  a  gneiss,  though  there  are  areas  of  granite,  and 
across  the  southern  edge  of  the  county  there  is  a  narrow  belt  of  slates 
and  schists.  The  mining  industry  is  unimportant.  Talc  is  met  with 
occasionally,  nickel  is  seen  in  very  small  quantities,  and  a  serpentine 
of  good  quality  occurs  in  abundance  between  Weaverville  and  Leices- 
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ter,  but  the  vein  has  never  been  worked.  Magnetic  iron  ore  has  alao 
been  found  at  several  places.  It  is  said  that  many  years  ago  some 
of  the  latter  veins  were  worked;  and  a  deposit  has  recently  been 
opened  at  the  Blackwell  mine,  near  Blackwell  Springs.  Limonite  is 
found  in  many  places  throughout  the  county,  and  brick  clay  is  abun- 
dant. The  latter  is  made  into  common  and  pressed  brick  at  several 
yards,  some  fire  brick  is  made,  and  a  plant  at  Biltmore  formerly  man- 
ufactured drain  and  roofing  tile  and  paving  brick. 

Mineral  springs  of  divers  kinds  are  abundant,  those  carrying  sul- 
phur being  the  most  noted.  There  are  also  numerous  nonmineral 
springs,  which  furnish  large  amounts  of  water  to  the  streams. 

The  country  roads  furnish  the  chief  means  of  transportation 
throughout  the  county,  and  while  there  has  been  a  movement  for 
good  roads,  particularly  in  the  region  hear  Asheville,  the  greater  por- 
tion of  the  country  roads  are  poorly  graded  and  become  almost 
impassable  in  the  winter,  on  account  of  mud. 

Madison  County,  the  next  county  through  which  the  French  Broad 
flows,  is  also  essentially  a  mountain  country,  there  being  very  little 
valley  land  and  the  whole  area  being  traversed  by  mountain  ridges 
ranging  in  height  from  2,500  feet  to  4,500  feet  above  sea  level.  None 
of  the  ranges,  however,  rise  to  so  great  heights  in  this  county  as  they 
attain  in  the  adjoining  counties,  even  the  Great  Smokies  being  below 
their  average  elevation.  The  soil  is  very  fertile  and  produces  fine 
crops,  though  from  the  almost  entire  absence  of  transportation  facili- 
ties the  agricultural  products  are  limited  to  little  more  than  enough 
to  supply  the  inhabitants,  a  very  small  amount  being  raised  for  mar- 
ket. The  hills  are  especially  adapted  to  the  production  of  a  good 
grade  of  bright  tobacco,  large  quantities  of  which  were  formerly 
grown  and  marketed  in  Marshall  or  Asheville,  but  recently,  on  account 
of  the  low  prices  obtained,  this  industry  has  suffered  a  diminution, 
and  the  *^ deadening,"  as  the  exhausted  tobacco  fields  are  known 
locally,  are  to  be  seen  on  many  hillsides,  either  uncultivated  or  grow- 
ing corn  or  other  grain.  Stock  raising  produces  a  large  annual  reve- 
nue, which  could  be  considerably  increased. 

The  mineral  wealth  of  the  county  is  known  to  be  large,  but  it  is 
mostly  undeveloped.  Magnetic  iron  ore,  chromic  iron  ore,  manganese^ 
nickel  in  small  quantities,  corundum,  serpentine,  talc,  and  baryta 
are  all  found.  Some  corundum  has  been  mined  and  shipped,  much 
baryta  has  already  been  taken  out  and  is  still  being  mined  by  many 
individual  miners.  Recently  a  talc  mine  has  been  opened  near  Stack- 
house,  which  is  said  to  produce  a  very  good  quality  of  that  mineral 

The  timber  found  throughout  Madison  County  is  remarkably  fine. 
Walnut  trees  8  feet  in  diameter,  poplars  10  feet  in  diameter,  wild 
cherry,  black  birch,  and  buckeyes  3  or  4  feet  in  diameter  are  met  with 
occasionally,  while  the  common  timber  trees,  such  as  oak,  chestnut, 
and  pine,  are  plentiful  and  of  large  size.  Much  timber  has  already 
been  taken  out  and  much  is  still  teing  logged  wherever  the  crude 
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methods  of  lumbering  prevalent  can  reach  it.  There  are  large  mills 
at  Stackhonse  and  at  Putnam,  and  small  portable  mills  are  located 
wherever  the  timber  can  profitably  be  attacked,  the  lumber  being 
wagoned  to  the  railroad  for  shipment. 

Ilie  geologic  formations  of  the  county  are  similar  to  those  of  Cocke 
County,  Tenn.  Close  to  the  State  line  there  is  a  belt  of  sandstone, 
which  is  succeeded  by  slates  and  schists.  About  a  mile  below  Hot 
Springs  the  latter  give  place  to  limestone  and  dolomite,  which  above 
the  springs  are  succeeded  by  sandstones,  slates,  and  schLsts,  and  these 
in  turn  by  the  gneisses  and  granite  which  are  the  predominant  I'ocks 
of  the  county. 

The  Hot  Springs  mentioned  as  being  located  in  the  limestone  belt 
constitute  one  of  the  most  interesting  features  of  the  region.  They 
are  6  or  7  miles  above  the  Tennessee  line,  directly  on  the  banks  of  the 
river,  some  springs  indeed  bubbling  up  in  the  bed  of  the  stream.  As 
the  name  indicates,  the  water  is  warm,  although  of  varying  degrees 
of  temperature,  and  possesses  many  valuable  medicinal  properties, 
said  to  be  particularly  ef&cacious  in  rheumatic  cases.  There  is  a  large 
hotel  at  the  springs,  and  many  people  come  to  take  the  hot  baths,  for 
which  the  waters  are  chiefly  used. 

Throughout  its  course  in  Madison  County  the  river  flows  in  a  deep 
gorge  which  it  has  carved  out  in  the  gneisses  and  slates,  now  twining 
among  the  hills  and  now  cutting  through  them,  leaving  at  the  latter 
places  almost  perpendicular  walls  of  bare  rock  several  hundred  feet 
high  or  slopes  of  from  50  to  60  degrees  covered  with  a  sparse  growth 
of  gnarled  and  stunted  trees  clinging  to  the  interstices  of  the  rock. 

PL  XXXI  is  a  view  of  the  river  at  Paint  Rock,  near  the  North 

Carolina-Tennessee  boundary,  and  shows  both  the  forested  slopes 

and  the  perpendicular  rock  walls  in  this  portion  of  its  course.     As 

the  river  is  ascended  the  sides  of  the  gorge  become  gradually  lower 

and  less  steep,  and  the  country  beyond  the  crests  of  the  river  bluffs 

loses  somewhat  its  mountainous  character,  becoming  instead  a  region 

made  up  of  rounded  hills  and  swells,  with  broader  and  more  nearly 

level  valleys  between,  a  much  larger  proportion  of  the  land  being 

cleared,  the  cleared  areas  increasing  from  practically  none  on  the 

extreme  northern,  western,  and  southwestern  borders  to  probably  50 

per  cent  of  the  area  above  the  mouths  of  Walnut  and  Pawpaw  creeks. 

Throughout  this  area  none  of  the  closed  basins  which  have  been  so 

notable  a  feature  in  some  other  areas  were  noted,  but  instead  there 

seems  to  be  a  greater  number  of  small  stream  channels,  most  of 

them  carrying  some  water,  which  was  not  the  case  over  a  large  part 

of  the  area  drained  by  the  South  Fork  of  the  Holston. 

WATERSHED  IN  TENNESSEE. 

The  part  of  the  drainage  basin  of  the  French  Broad  which  is  situ- 
ated, to  the  east  of  the  town  of  Newport,  Tenn.,  the  western  limit  of 
tho    investigation,  is  comprised  entirely  within  the  limits  of  Cocke 
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County.  Tho  area  immediately  about  Newport  and  for  5  or  6  miles  to 
the  east  while  hilly  is  not  mountainous,  and  in  many  respects  bears 
a  close  resemblance  to  the  country  seen  along  the  South  and  Mid- 
dle forks  of  Holston  River,  consisting,  as  it  does,  of  rather  low  hills 
and  broad  ridges  of  gentle  slopes  largely  cleared  and  grass  covered. 
In  parts  of  this  area,  particularly  in  the  part  seen  from  the  road  lead- 
ing from  Parrottsville  to  Newport,  numerous  small  closed  drainage 
basins  or  sinks  were  observed,  many  of  them  of  large  size  and  having 
pools  of  water  in  their  bottoms.  Occasionally,  over  an  area  of  a  square 
mile  or  more,  these  sinks  occur  in  such  numbers  as  to  absorb  the  entire 
drainage,  permitting,  so  far  as  could  be  observed,  no  water  to  find  its 
way  into  the  stream  channels.  This  will  tend  to  produce  complica- 
tions when  the  run-off  from  two  similarly  situated  areas  is  compared 
if  either  area  contains  basins.  None  of  the  basins  were  noted  above 
the  North  Carolina  line.  There  are  numerous  springs  of  chalybeate 
and  sulphur  water  in  Cocke  County,  and  large  numbers  of  springs 
whose  waters  possess  no  medicinal  properties. 

It  is  along  this  part  of  the  course  of  the  stream  that  the  far-famed 
scenery  of  the  French  Broad  occurs,  but  with  all  its  beauty  the  scen- 
ery barely  equals  that  seen  when  the  summit  of  the  river  bluffs  has 
been  reached,  where  vistas  of  mountain  and  meadow,  woodland  and 
stream  are  spread  out  before  the  eye,  scenery  of  which  the  rugged 
beauty  of  that  along  the  river  has  given  no  promise. 

If  the  whole  area  of  Cocke  County  be  considered,  about  40  per  cent 
of  the  land  is  cleared  and  cultivated,  according  to  the  best  informa- 
tion obtainable;  but  this  includes  a  part  of  the  vast  Cnaka  mountain 
chain,  with  its  outlying  spuns  and  ridges,  where  the  proportion  of 
cleared  land  is  exceedingly  small,  so  that  it  is  estimated  that  from  65 
to  70  per  cent  of  the  area  to  the  west  of  the  mountains  is  cleared  and 
under  cultivation  or  in  grass,  which  is  one  of  the  principal  products. 

The  mountains  rise  very  abruptly  and  steeply  from  the  more  level 
area,  and  the  proportion  of  cultivable  land  on  them  is  small,  being 
confined  to  the  stream  valleys  and  to  a  few  of  the  lower  and  gentler 
slopes.  In  some  of  the  coves  and  gorges  the  soil  is  productive,  but 
these  areas  are  too  small  to  be  of  value  for  grain  growing.  They  are, 
however,  adapted  to  the  production  of  grass  and  fruit,  although  very 
little  has  been  done  in  that  direction.  The  principal  valley  is  of 
course  that  of  the  main  stream,  which  has  an  average  width  of  about 
1  mile  and  is  exceedingly  fertile,  the  soil,  which  is  alluvial,  bein^ 
deep  and  producing,  with  good  cultivation,  from  50  to  100  bushels  of 
corn  to  the  acre,  this  being  the  principal  crop.  Oats  thrive  ver^^ 
well,  wheat  not  so  well.  Of  late  years  more  of  the  land  has  been 
sown  to  grass,  and  the  stock-raising  industry  now  affords  a  consider- 
able revenue  to  the  people  of  the  county.  The  price  of  land  ranges 
from  $1  and  $2  to  more  than  S50  an  acre. 

There  is  some  very  fine  timber  in  Cocke  County,  mainly  oaks  of 
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various  kinds,  chestnut,  maple,  hickory,  walnut,  white  and  yellow 
pine,  spruce,  and  other  varieties.  Formerly  a  great  many  shingles 
were  made,  mostly  from  white  pine.  A  limited  amount  of  lumber  is 
sawed  annually  by  the  small  country  mills  for  local  uses,  and  a  much 
larger  amount  of  timber  is  annually  destroyed  for  the  purpose  of 
stripping  tan  bark  or  for  railroad  ties;  but  taken  as  a  whole  the  tim- 
ber industry  is  of  little  importance,  and  the  same  is  true  of  manu- 
factures in  general.  There  is  a  small  cotton  mill  at  Newport,  also  one 
or  two  small  sawmills  and  a  flouring  mill,  and  there  are  small  sawmills 
and  gristmills  at  various  places  in'  the  county,  but  they  are  of  little 
importance. 

The  mineral  wealth  in  this  section  is  very  great,  but  so  far  as  could 
be  learned  nothing  has  been  done  toward  developing  it.  Iron  is  said 
to  occur  in  paying  quantity,  also  lead  and  baryta.  Newport  is  just 
at  the  junction  of  the  shales  and  the  limestone,  which  there  form  a 
narrow  valley,  and  for  5  or  6  miles  up  the  river  limestone  and  dolomite 
occur,  the  prevailing  color  being  blue,  though  layers  of  gray  rock  are 
also  found.  The  limestone  and  dolomite  are  succeeded  by  red  shales, 
and  these,  for  a  fourth  of  a  mile  or  more  upstream,  by  white  or  grayish 
sandstones.  Passing  these  sandstones,  shales  or  slates  are  again  met 
with,  bands  of  conglomerate  occurring  at  intervals,  also  a  few  layers 
of  dolomite.  The  sandstone  then  makes  its  appearance  again  and 
continues  several  miles  up  the  river,  or  to  and  beyond  Paint  Rock. 

RAINFALL. 

The  total  annual  rainfall  at  Asheville  is  42.6  inches,  distributed  as 
follows:  Spring,  11.7  inches;  summer,  13.8  inches;  autumn,  7.7 inches; 
and  winter,  9.4  inches.  Asheville,  however,  is  in  a  region  of  rather 
low  precipitation  compared  with  the  rest  of  the  mountain  country, 
although  the  records  of  the  station  at  Waynesville  show  that  the 
annual  precipitation  between  Asheville  and  Paint  Rock  is  very  near 
the  amount  stated.  Records  of  stations  above  AsheviUe  show  that 
the  annual  rainfall  increases  very  rapidly  as  the  stream  is  ascended, 
and  near  the  headwaters,  but  across  the  divide,  are  stations  having  a 
mean  annual  precipitation  of  between  72  and  73  inches,  with  an 
occasional  record  of  more  than  105  inches. 

The  distribution  of  the  rainfall  is  favorable  to  a  large  annual  run-off 
in  the  stream,  since  at  the  time  when  plant  life  and  evaporation  make 
the  heaviest  demands  upon  the  precipitation  the  rainfall  is  greatest, 
and  it  is  least  in  autumn  and  winter,  when  these  demands  are  at  a 
minimum.  However,  since  the  autumn  precipitation  is  the  least  and 
plant  life  and  evaporation  are  still  rather  active,  the  stream  is  then 
subject  to  periods  of  low  flow,  although  the  run-off  per  square  mile 
is  large  when  compared  with  streams  draining  areas  out  of  the 
mountains,  and  remains  so  during  even  the  periods  of  severe  drought. 
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TRANSPORTATION. 

Throughout  the  greater  part  of  the  basin  of  the  French  Broad  the 
transportation  facilities  are  poor,  being  mainly  confined  to  the  ordi- 
nary country  roads,  which  as  a  rule  are  steep  and  rough,  x>oor]y 
graded  and  ill  kept.  The  Knoxville  branch  of  the  Southern  Railway' 
follows  the  course  of  the  stream  very  closely  below  Asheville,  and  the 
Spartanburg  branch  of  the  same  system  runs  approximately  parallel 
to  it  for  a  lon$r  distance  in  the  upper  part  of  its  course,  while  the 
Murphy  branch  f urniBhes  railroad  facilities  for  the  inhabitants  of  the 
valley  of  Hominy  Creek.  The  Hendersonville  and  Brevard  Railroad 
has  recently  been  constructed  from  Hendersonville  to  Jeptha,  in 
Transylvania  County,  furnishing  an  outlet  for  the  products  of  the 
upper  part  of  the  basin.  But  owing  to  the  character  of  the  country 
the  transportation  facilities  are  less  effective  than  they  otherwise 
would  be,  and  there  seems  no  present  prospect  that  the  conditions 
will  be  bettered,  though  one  or  more  additional  lines  of  railroad  have 
been  projected  to  traverse  the  basin.  On  the  whole,  however,  the 
transportation  facilities  of  the  area  are  better  than  those  of  any  other 
section  of  western  North  Carolina,  and  in  consequence  it  is  better 
known  to  the  outside  world  and  is  more  prosperous  than  the  areas  to 
the  northeast  and  the  southwest. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  a  gaging  station  was  established  on  the 
French  Broad  at  Old  town,  Tenn.,  where  measurements  were  made 
from  time  to  time,  also  at  other  places  along  its  course,  as  shown  in 
the  following  table.  The  Survey  has  maintained  a  gaging  station 
at  Asheville  since  September,  1895,  the  results  of  which  have  been 
published  in  the  annual  reports. 

Discharge  measurements  of  French  Broad  River, 


Date. 


1900. 
Sept.  4 

Nov.  2 
Dec.  15 
Dec.  2d 
Sept.  7 
Sept.  12 
Oct.  29 
Sept.  18 
Oct.  17 
Sept.  17 
Sept.  13 
Oct.  15 
SeptU 
Oct.  15 


Locality. 


Oldtown.Tenn. 


do 
do 
do 


One-balf  mile  above  Hot  Springs,  N.  C 

Alexander,  N.  C 

do 

Fanning  Bridge,  North  Carolina 

do 

Penrose,  N.C 

Near  Carson  Creek,N.C 

do 

Eastatoe  Bridge,  North  Carolina 

do 


Hydrographer. 


E.  W.  Myers 
Branch. 

do 

do 

do 

L.V.  Branch. 
E.  W.  Myers . 
L.  V.Branch. 
N.C.  Curtis-.. 
do 


and  L.  V. 


do 
do 
do 
do 
.do 


Gage 

leight. 


hei^ 


Feet 
1.00 

L2ft 

i.ao 


19.36 
17.15 
16.27 
10.22 
16.95 
19.80 
13.80 
18.90 
12.40 
11.21 


Dift. 


857.0 

1,663.0 

1,976  0 

2,9010 

93^0 

84i»« 

2,  oats  u 

1,161.0 

614.0 

1.160.0 

aa65 

306  3 

113  U 
1014 


Note.  —At  regular  stations  of  the  Geological  Survey  gages  are  instaUed  by  which  the  rise  of 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  discfaarse 
of  the  stream.  This  is  true  of  the  measurements  in  the  above  table  at  Oldtown.  In  *iiHng  all 
of  the  other  measurements,  however,  in  each  case  a  bench  mark  was  estabUahed  and  meaaare- 
ments  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  ben<^  mark  to  the  surface 
of  the  water.  In  these  cases,  therefore,  an  increase  in  the  gage  height  means  a  lowering  of  tJM 
water  surface  and  a  oorresponding  decrease  in  the  discharge  of  the  stream. 
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WATER  POWERS. 

In  describing  the  fall  and  power  of  the  French  Broad  we  will  start  near 
Newport,  Tenn.,  and  follow  upstream  to  its  source.  At  the  starting 
point,  about  2  miles  north  of  Newx>ort,  the  river  is  a  comparatively 
placid  stream,  flowing  between  willow-bordered  banks  and  through 
broad  and  fertile  grass-covered  bottom  lands,  and  this  character  is 
preserved  for  5  or  6  miles,  when  there  is  an  abrupt  descent  of  about 
4  feet  over  a  rock  ledge  extending  straight  across  the  stream.  Near 
these  falls  the  bottom  lands  almost  entirely  disappear  and  the  moun- 
tains begin  to  close  in  on  the  river,  the  hillside  slopes,  which  are 
sparsely  forested,  varying  from  30  to  50  degrees.  Farther  upstream 
an  occasional  broad  bottom  is  to  be  seen,  but  the  mountains  continue 
to  rise  higher  and  higher  as  the  stream  is  ascended,  the  river  entering 
a  gorge  which  reaches  a  very  highly  developed  stage  near  Paint  Rock. 
(See  PI.  XXXI.)  Throughout  this  distance,  however,  there  is  little 
concentration  of  fall  in  the  stream,  the  fall  averaging  about  10  feet 
to  the  mile,  following  the  course  of  the  river,  which  is  very  tortaons 
in  this  section. 

The  stream  preserves  the  same  general  character  as  far  as  Hot 
Springs,  the  average  fall  per  mile  between  Paint  Rock  and  Hot 
Springs  being  about  the  same  as  in  the  section  between  Paint  Rock 
and  Newport.  Above  Hot  Springs,  however,  the  character  of  the 
river  changes  abruptly,  and  from  a  smooth  though  rapid  stream  it 
becomes  a  tumultuous  mountain  torrent,  dashing  along  among  many 
huge  bowlders  and  over  the  rock  ledges  which  obstruct  its  course  and 
project  above  the  surface  in  jagged  ridges,  twining  and  curving  around 
the  hills  between  lofty  and  steep  walls  of  rock,  which  are  thinly 
clad  with  stunted  trees.  The  river  contains  many  islands  and  is  in 
places  very  wide. 

In  the  7.7  miles  between  Hot  Springs  and  the  mouth  of  Brush  Creek 
the  total  fall  is  201  feet,  giving  an'  average  fall  of  26.1  feet  per  mile. 
There  are  several  places  in  this  distance  where  the  fall  is  noticeably 
concentrated.  The  first  of  these  is  about  one-fourth  of  a  mile  above 
Hot  Springs  and  is  known  as  the  Mountain  Island  Shoal.  At  this 
shoal,  shown  in  PL  XXXII,  a  high  and  rocky  island  about  200  yards 
long  divides  the  stream  into  two  parts.  The  most  noticeable  concen- 
tration of  fall  is  at  the  ends  of  the  island,  there  being  at  the  lower 
end  an  almost  vertical  plunge  of  between  4  and  5  feet,  and  at  the 
iipper  end  two  plunges  of  about  3  feet  each.  There  is  also  a  fall 
of  about  4r  feet  in  the  distance  between  these  plunges,  making  a 
total  fall  of  about  15  feet  at  this  place.  Below  the  island  the  river 
contracts  suddenly  to  a  width  of  about  100  feet  and  the  water  is  very 
deep  and  sluggish.  The  railroad  is  on  the  north  bank,  crossing  the 
stream  a  short  distance  below  the  island,  and  as  the  track  is  only  a 
few  feet  above  the  level  of  high  water,  it  offers  an  obstacle  to  the 
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development  of  the  power.  A  development  conld  be  made,  however, 
but  at  considerable  expense,  by  constructing  a  wing  dam  from  the 
upper  end  of  the  island  diagonally  toward  the  north  bank,  gradually 
decreasing  the  height  of  the  dam  upstream.  This  would  throw  as 
much  of  the  water  as  might  be  desired  to  the  south  side  of  the  island 
and  away  from  the  railroad,  and  then  by  building  a  dam  across  the 
south  channel  near  the  lower  end  of  the  island  the  flow  of  the  stream 
could  be  controlled.  Space  for  a  power  house  on  the  island  conld  be 
cleared  by  a  small  amount  of  blasting,  and  the  power  be  transmitted 
to  Hot  Springs,  where  there  is  a  large  area  of  level  land.  This  is  by 
far  the  largest  and  most  noticeable  fall  on  the  stream,  and  probably 
would  afford  a  cheaper  and  easier  development  than  any  other. 

As  at  this  fall,  so  at  all  others  between  •Paint  Rock  and  Ashe- 
ville,  the  proximity  of  the  railroad  to  the  stream  renders  it  impossible 
to  build  high  dams,  though  otherwise  the  conditions  for  easy  and 
cheap  construction  are  very  favorable,  for  ever^'^where  stone  can  be 
obtained  in  great  quantities  at  comparatively  small  cost  for  blasting 
and  transportation  to  the  site  of  the  work. 

Although  the  average  fall  per  mile  in  the  stream  channel  between 
the  head  of  the  Mountain  Island  Shoal  and  the  mouth  of  Brush  Creek 
is  very  great,  there  are  several  places  where  it  is  still  more  concen- 
trated, the  first  of  these  being  just  above  the  mouth  of  Laurel  Creek, 
where  the  fall  is  estimated  to  be  about  15  feet  in  a  little  more  than 
one-fourth  of  a  mile,  and  about  2  miles  below  Barnard  Station, 
where  there  is  another  large  fall  within  a  short  distance.  Just 
below  and  a  little  above  the  mouth  of  Brush  Creek  there  is  still 
another  large  fall,  the  banks  being  very  high,  steep,  and  rocky,  the 
stream  comparatively  narrow,  and  all  of  the  conditions  for  the  construc- 
tion of  a  high  dam  very  favorable,  excepting  the  presence  of  the  rail- 
road. At  almost  any  desired  place  within  this  distance — from  the 
Mountain  Island  Shoal  to  Brush  Creek — falls  of  from  15  to  20  feet  can 
be  obtained. 

From  the  mouth  of  Brush  Creek  to  Ashe  ville,  a  distance  of  29.3 
miles,  the  stream  is  still  very  rapid,  but  the  average  fall  per  mile  is 
much  less  than  in  the  section  just  described,  being  about  15.4  feet,  in 
general  well  distributed.  Sites  where  falls  of  10  feet  or  more  can  he 
obtained  are  numerous,  though  none  of  them  were  noted  particularly. 

The  first  power  developed  on  this  stream  is  at  Marshall,  Madison 
County,  where,  on  the  south  bank  of  the  river,  the  Marshall  Mill- 
ing Company  has  erected  a  flour  mill  with  a  capacity  of  75  barrels 
per  day,  utilizing  only  a  small  part  of  the  flow,  which  is  turned 
aside  by  means  of  a  wing  dam  about  200  yards  long  extending  diag- 
onally upstream  about  half  the  width  of  the  river,  from  the  upper  end 
of  which  a  very  low  dam  has  been  built  to  the  north  bank  of  the 
stream,  both  dams  being  made  of  logs  and  giving  a  fall  of  13  feet  at 
the  wheel. 
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There  are  several  other  localities  between  Marshall  and  Asheville 
where  small  powers  could  be  developed  in  the  same  way,  but  no 
attempts  have  been  made  to  do  this.  There  is  a  project  to  develop  a 
small  fall  in  the  stream  just  below  Asheville,  to  obtain  power  to  oper- 
ate street  cars  and  electric  lights,  and  a  low  dam  has  been  built,  but 
no  other  work  has  been  done. 

Above  Asheville  the  character  of  the  stream  again  changes  and  it 
becomes  a  placid  river  with  a  current  which  though  rapid  when  com- 
pared with  the  streams  of  the  Coastal  Plain  is  very  sluggish  when 
compared  with  its  mountain  neighbors  or  with  its  own  current  a  few 
miles  below.  The  bed  of  the  stream  is  overlain  with  a  stratum  of 
coarse  sand  and  gravel,  and  in  general  is  rather  smooth,  though  the 
current  is  interrupted  at  intervals  by  ledges  and  bowlders,  and  the 
fall  is  very  much  more  gradual  and  evenly  distributed  than  is  usual 
with  mountain  streams.  The  distance  from  Asheville  to  Brevard,  by 
river,  is  48.35  miles,  and  the  total  fall  is  130.9  feet,  making  the  average 
fall  pQr  mile  only  2.7  feet.  Indeed,  so  small  is  the  fall  that  at  one 
time  the  United  States  engineers  did  a  great  deal  of  work  on  this 
portion  of  the  stream  to  render  it  navigable.  Formerly  a  small 
steamboat  plied  the  river,  but  it  did  not  pay  expenses,  and  of  late  no 
attempt  has  been  made  to  navigate  the  stream. 

There  are  two  principal  obstructions  to  navigation,  the  first  of  these 
H^  miles  above  Asheville,  and  known  as  the  Sandy  Bottom  Shoal. 
This  is  the  largest  shoal  on  this  part  of  the  river,  the  total  fall  being 
22.6  feet  in  a  distance  of  18,000  feet.  Three  and  one-half  miles  above 
this  is  the  Long  Shoal,  where  the  fall  is  18.3  feet  in  12,920  feet.  Above 
this  and  as  far  as  Eastatoe  Ford,  about  1  mile  above  Jeptha,  the 
stream  flows  placidly  along  through  a  broad  and  level  valley  and  offers 
no  possibility  of  power  development.  Abo.ve  the  ford,  however,  the 
fall  rapidly  increases,  but  the  stream  divides  into  the  North  and  West 
forks,  both  of  which  are  too  small  for  consideration  as  power  streams. 

TRIBUTARIES  OF  FRENCH  BROAD  RIVER. 


DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  drainage  basins  of  the  important  tribu- 
taries in  North  Carolina  were  visited  and  the  following  measurements 
made: 

Discharge  'measurements  of  tributaries  of  French  Broad  River  in  North  Carolina. 


Date. 


1900. 

8ept.U 

Oct.  16 

Sept.  16 

Do  .. 


Stream. 


North  Fork  of 
French  Broad 
River. 

do 

do 


do 


Locality. 


Hydrosrrapher. 


Two  hundred   yards  above 
month  of  West  Fork. 

do 


Bridge  on  Brevard- Webster 
road. 

Ford  on  road  between  Tuck- 
er and  Shoal  creeks. 


N.  C.  Curtis 


do 
do 


do 


Gage  I   Dis- 
heignt.lcharge. 


Feet    Sec.-ft 
100.6 


13.2 
14.98 

7.3 


51.8 
107.48 

76.0 
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Discharge  measurements  of  tributaries  of  French  Broad  River  in  North  Caroltno- 

Continued. 


Date. 


1900. 
Sept.  14 

Oct.  16 

8ept.U 

Do  -. 

Oct.  15 

Sept.  16 

Sept.  18 
8ept.l7 

Oct.  16 
Sept  17 

Oct.  16 
Sept.17 

Oct.  17 
Sept.  18 

Do. 

Do.. 

Sept.  19 
Oct  17 
Sept.  19 
Sept.  20 

Do  .. 

Sept.  12 
Oct.  30 
Sept.  16 
Oct.  30 
Sept.  12 
Sept.  16 

Oct.  80 
Sept.  12 
Oct.  80 
Sept  11 
Oct.  29 
Sept  IS 
Sept.  17 
Oct.  30 
Sept.  16 
Oct.  80 
Sept.  17 

Oct.  28 
Sept  8 

Oct.  81 
Sept.  8 
Sept  10 
Oct.  81 
Sept  8 

Oct.  81 
Sept.  8 

Sept  18 
Sept  7 
Nov.  1 
Sept.  7 


Stream. 


West  Fork  of  French 
Broad  River. 

MiddVePork  of' 

Frencb  Broad 

River. 
Sonth    Fork    of 

French  Broad 

River. 
East  Fork  of  French 

Broad  River. 
Tncker  C^reek 


Cathey  Creek... 

Eine  Creek 

Davidson  River 

....  do 

Little  River.... 


do 

Boylston  Creek. 

Mills  River 

...do 

Mnd  Creek 

Caney  Creek 

Avery  Creek  ... 


Hominy  Creek 

do 

Bwannanoa  River . . 
North  Fork  of  8  wan- 

nanoa  River. 
Flat  Creek 


Beaverdam  Creek. 

do 

Lees  Creek 

do 

Newfound  Creek. . 
.....do 


do 

Reems  Creek 

do 

Flat  Creek 

do 

Sandymosh  Creek 

do 

do 

Turkey  Creek 

....do 

Big  Ivy  River 


....do 

Little  Pine  Creek 


do 

Pawpaw  Creek. 
Walnut  Creek.. 
....do 

Big  Pine  "Creek . 


-...do 

Big  Laurel  Creek . 


....do 

Spring  Creek. 

....do 

Shutin  Creek. 


Locality. 


Near  mouth 


do 


Bridge  20  yards  above  ford. 


Footbridge  at  ford  of  main 
road. 


Near  mouth. 


Hydrographer. 


Oage     Dis- 
height 'duurge^ 


N.C.Curtis 


.do 
do 


.do 


.do 
.do 


Two  hundred  yards  above 
mouth. 

Ford  of  Brevard-Jeptha  road do 

Brevard  road i do 

Near  mouth i do, 

do 

...do 


Feet. 
2.20 


5.  as 


10.3 


ia2 

4.61 


Sec-fL 
118.0 

6S.0 
77.0 


71.0 


tf.0 


do 

Three-fourths  mile  above 
mouth. 

do 

Near  mouth 

Bridge  on  Old  Haywood  road. 

do  

Near  mouth 

Bridge  on  Westfall^s  place 

Bridge  on  road  from  Mills 
River  to  AshevUle. 

AshevUle 

.....do 

Biltmore 

Three  miles  above  Swanna- 
noa. 

Two  miles  below  Black  Moun- 
tain Station. 

Fifty  yards  above  mouth 

Olivette."  V.V.y.V.'. "'.'". "  V.'.'.V. 

.....do 

At  mouth 

Three-fourths    mile    above 

mouth. 

...do 

At  mouth 

...do 

.....do 

.....do 

Bailey 

.....do 

....do 

BlackweU  Springs 

do 

One-eighch  mile  below  mouth 

of  Bull  Creek. 

...-do 

One   hundred   yards   above 

mouth. 

....do 

One  mile  above  mouth 

At  mouth 

-...do 

One  hundred   yards    above 

moutJi. 

...do 

Two  hundred    yards  above 

mouth. 

....do 

Near  Hot  Springs 

do 

....do 


.do 
.do 
.do 
.do 
.do 
.do 
.do 

.do 
.do 
do 
.do 

do 


E.W.Myers 
L.  y .  Branch 
E.  W.  Myers . 
L.  V.  Branch , 
E.  W.  Myers . 
do 


L.  V.  Branch . 
E.  W.Myers. 
L.V.  Branch. 
E.  W.  Myers . 
L.  V.  Branch . 
E.  W.Myers. 

do 

L.  v.  Branch. 
E.  W.  Myers . 
L.  V.Branch. 
E.W.  Myers  . 

L.  V.  Branch. 
....  do 


.do 
.do 
.do 
.do 
.do. 

-do 
.do 


E.W.Myers  . 
L.  V.  Branch. 

do 

do 


6.7 

30.2 

4.n 

ld.49 

16.45 

151.- 

16. 7S 

1     n).S9 

13.66 

'    1818 

14.83 

6B.2 

5.86 

aifi 

13.11 

2U.6I 

13.4 

9i0 

5.11 

ioe.0 

10.1 

1     60.0 

6.56 

'     11.31 

15.1 
15.4 
2.91 
16.07 


go.o 

S4.0 
7B.S 
SI.  43 


4.06       21$^ 


5.00 
5.  OS 
11.15 
10.95 
17.75 
10.19 

10.44  I 
1^1 


18.06 
17.43 
9.78 
9.48 
9.63 
7.97 
8.32 
2. 56 

2.72 
5.84 

5.76 
4.6 
23.24 
2.35 
6.07 

6.01 
16wl3 

15.77 
2.00 
2.07 
2.61 


l.« 

4.10 
S.9B 

ts 

9.41 
34.  H 

90.8 
4.9 
9.0 

'&33 

5.0 

21.  rs 

65.S 

4S.0 

a&S4 

16.  SI 

4:.3 
4l:s 

as 
i.» 

la 

4.S 

4-45 

49." 

35.i'> 


Note.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  vrere  e^tab 
lished  and  measuren\eTits  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  hesA 
mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering  ^ 
the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  thereveraectf  tb- 
results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  increase  ir 
the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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The  principal  drainage  basins  are  briefly  described  on  the  following 
pages,  in  order  upstream. 

LONG  CREEK. 

The  first  tributary  of  any  size  entering  the  French  Broad  above 
Newport,  Tenn.,  is  Long  Creek,  which  flows  in  from  the  north,  drain- 
ing a  small  area.  At  the  mouth  the  valley  of  the  stream  is  very  nar- 
row, the  mountains  rising  high  and  steep  on  either  side,  in  walls  of 
almost  bare  rock;  but  farther  up  the  valley  widens  greatly,  and  it  is 
estimated  that  above  the  forks  about  half  of  the  basin  is  cleared  land, 
being  made  up  for  the  most  part  of  rather  low  hills,  with  gentle  side 
slopes  timbered  in  pine  and  oak.  Com  and  wheat  are  the  principal 
crops;  about  one-third  of  the  cleared  land  is  in  grass. 

At  the  time  the  stream  was  visited  it  was  extremely  low,  its  flow 
being  too  small  to  gage,  but  it  was  carrying  a  quantity  of  water  esti- 
mated to  be  between  one-fourth  and  one-third  of  a  second-foot.  The 
stream  is  said  to  rise  ver}'^  rapidly  after  rains,  reaching  an  extreme 
height  of  about  4  feet  above  low  water.  The  floods  are  of  short 
duration. 

BIO  CREEK. 

t 

Big  Creek,  the  next  tributary,  enters  the  river  from  the  south,  near 
Del  Rio,  draining  an  extensive  area  in  the  high  and  rugged  Stone  and 
Smoky  mountains,  almost  the  entire  basin  being  forest  covered  and 
very  steep  and  rough,  with  a  great  deal  of  rock  exposed  on  the  hill- 
sides. The  cleared  land  is  confined  entirely  to  the  narrow  strips  bor- 
dering the  stream,  but  it  is  small  in  amount,  being  probably  less 
than  5  per  cent  of  the  area  of  the  basin,  which  may  thus  be  considered 
entirely  forested. 

When  this  stream  was  visited  it  was  very  low,  carrying  an  estimated 
discharge  of  possibly  2  second-feet.  It  rises  rapidly  after  rains,  in 
consequence  of  the  great  steepness  of  the  hillside  slopes  over  its  basin, 
and  attains  a  maximum  height  of  from  5  to  6  feet  above  low  water. 

LAUREL  BRANCH,  MOONEYHAM  BRANCH,  AND  ROCK  CREEK. 

These  are  very  small  sti'eams  which  are  practically  dry  during 
severe  droughts. 

WOLF  CREEK. 

Wolf  Creek  is  the  next  tributary.  It  is  a  small  stream  entering 
from  the  south,  draining  a  long  and  narrow  area  which  with  the  excep- 
tion of  one  or  two  small  patches  of  an  acre  or  two  near  its  mouth 
may  be  considered  entirely  wooded.  The  basin  is  rough  and  moun- 
tainous, with  very  steep  slopes.  The  forest  growth  consists  for  the 
most  part  of  pine,  with  a  dense  undergrowth  and  with  some  oak  and 
chestnut.     Extensive  lumbering  operations  have  been  carried  on  ou 
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the  mountain  slopes  over  the  basin,  and  much  of  the  available  timber 
has  been  cut,  but  the  ground  is  densely  shaded  by  the  undergrowtli 
and  the  nontimber  trees. 

This  stream  was  not  gaged,  the  quantity  of  water  which  was  flow- 
ing, estimated  to  be  about  0.5  second-foot,  being  too  small  to  admit  of 
measurement.  It  was  stated  by  residents  that  the  stream  was  then 
at  its  lowest  stage.     The  maximum  flood  rise  is  between  4  and  5  feet. 

SHUTIN  CREEK. 

The  basin  of  this  stream  is  similar  to  that  of  Wolf  Creek,  except 
that  very  little  timber  has  been  cut. 

SPRING  CREEK. 

Spring  Creek,  entering  the  river  from  the  south,  at  Hot  Springs,  is 
the  largest  tributary  yet  described.     It  rises  in  the  extreme  southern 
comer  of  Madison  County,  near  Sandymush  Bald,  on  the  northeastern 
slope  of  the  Newfound  Mountains,  and  flows  in  a  general  northerly 
direction  for  a  distance  of  about  20  miles,  draining  an  area  of  66 
square  miles.     Its  basin  is  in  the  midst  of  the  high  mountains,  is  steep, 
rough,  and  rugged,  and  is  almost  entirely  forest  covered,  the  cleared 
land  being  eonflned  to  the  narrow  stream  valleys  which  constitute  a 
very  small  proportion  of  the  whole  area,  probably  less  than  10  per 
cent.     The  stream  attained  its  minimum  stage  during  the  autumn  o! 
1900,  when  it  was  measured  and  found  to  be  carrying  0.45  second- 
foot.     It  has  a  maximum  rise  of  about  6  feet  during  floods,  which  are 
said  to  be  violent,  but  of  short  duration. 

BIG  LAUREL  CREEK. 

This  stream,  the  next  tributary  of  the  French  Broad,  rises  in  two 
forks,  one  in  the  Bald  Mountains,  in  the  extreme  northeastern  part  of 
Madison  County,  and  the  other  in  the  Unaka  Mountains,  in  the 
extreme  northern  part  of  the  county.  It  drains  an  area  of  141  square 
miles.  Its  basin  is  very  rough  and  rugged,  with  a  large  proportitm 
of  steep,  forested  slopes,  ranging  from  15  to  50  degrees  and  showing  a 
great  deal  of  exposed  rock,  which  is  of  a  slaty  character.  For  a 
considerable  distance  above  its  mouth  the  stream  is  in  a  deep  gonre 
and  could  not  be  followed,  but  it  was  ascertained  that  the  count rv 
was  extremely  rugged  and  contained  no  cleared  land.  The  hills  Ihen- 
lack  the  symmetry  of  those  seen  farther  upstream,  having  steei)er 
slopes  and  being  broken  into  irregular  shapes  by  the  small  valleys 
and  gullies  which  extend  up  their  sides. 

The  proportion  of  cleared  land  in  the  basin  is  small,  not  more  than 
25  per  cent  of  the  area  being  under  cultivation.  The  cultivated  aresis 
are  for  the  most  part  confined  to  the  stream  valleys  and  the  lowt- r 
uplands.    Within  the  last  ten  years  much  land  has  been  partially 
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cleared  by  cutting  away  the  undergrowth  and  deadening  the  larger 
trees,  the  deadened  areas  being  largely  cultivated  in  tobacco  or 
corn.  The  soil  is  in  part  red,  clayey,  and  very  impervious  to  water, 
and  in  part  loamy,  and  is  not  very  fertile. 

Extensive  lumbering  operations  are  now  in  progress  over  the  basin, 
many  small  portable  mills  being  located  in  close  proximity  to  the  tim- 
ber, the  lumber  being  hauled  to  the  railroad  at  either  Putnam  or 
StAckhouse.  Poplar  seems  to  be  the  timber  most  sought,  though  oak 
and  pine  are  also  cut.  Much  chestnut  remains,  and  trees  of  many 
other  varieties  are  found. 

At  its  mouth  the  flood  rise  of  the  creek  is  from  7  to  8  feet.  It  never 
falls  very  low,  the  lowest  stage  known  having  been  reached  in  the 
autumn  of  1900,  when  the  discharge  was  about  49  second-feet.  While 
the  stream  is  capable  of  furnishing  power  in  large  amounts,  it  is  util- 
ized by  only  two  or  three  small  gristmills,  grinding  grain  for  loc^l 
uses. 

Some  baryta  has  been  found  in  the  basin,  but  so  far  as  could  be 
learned  thQ  principal  deposits  of  this  mineral  are  along  the  main  river, 
on  the  hills  between  Stackhouse  and  Marshall.  Talc  is  also  found  in 
this  region,  and  some  has  been  recently  taken  out  which  is  said  to  be 
of  excellent  quality. 

Shelton  Laurel  Creek, — This  stream  is  the  principal  tributary  of 
Big  Laurel  Creek.  Its  drainage  basin  is  very  similar  to  that  of  the 
main  stream,  although  as  the  creek  is  ascended  the  topograph}"^  flattens 
out  to  some  extent.  The  stretch  of  the  river  between  White  Rock  and 
Alleghany  is  much  more  level  and  more  extensively  cultivated  than 
any  seen  lower  down  the  stream.  The  only  extensive  lumbering  opera- 
tions carried  on  in  the  basin  are  in  this  locality,  being  mainly  directed 
against  the  timber  which  can  be  reached  from  the  small  tributary 
streams,  although  the  operations  are  more  or  less  general. 

The  soil  seems  similar  to  that  along  Big  Laurel  Creek,  but  it  con- 
tains a  very  large  proportion  of  rock  fragments  ranging  in  size  from 
a  pea  to  several  inches  in  diameter,  and  more  quartz  is  seen,  forming 
now  an  important  part  of  the  country  rock. 

The  slope  of  the  channels  of  this  creek  and  its  branches  is  very 
p^eat,  the  storm  waters  reaching  the  streams  almost  immediately,  the 
main  creek  rising  very  rapidly  and  falling  as  quickly. 

BIG  PINE  CREEK. 

The  next  tributary  gaged  was  Big  Pine  Creek,  which  enters  the 
French  Broad  from  the  south,  opposite  Barnard,  draining  a  consider- 
able area  which  is  largely  forest  covered,  the  cleared  and  cultivated 
land  being  confined  for  the  most  part  to  the  stream  valley  and  the 
lower  hills.  The  hillside  slopes  over  the  basin  are  almost  uniformly 
steep  and  rocky,  and  the  greater  part  of  the  area  is  mountainous. 
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WALNUT,  LITTLE  PINE,  AND  HAYES  CREEKS. 

Walnut  Creek,  entering  from  the  north,  about  3  miles  above  Bar- 
nai*d,  is  a  stream  of  about  the  same  size  and  general  character  as  Big 
Pine  Creek,  except  that  the  proportion  of  cleared  and  cultivated  land 
in  its  drainage  basin  is  considerably  greater,  the  valley  of  the  stream 
being  wider  and  the  slopes  less  steep  and  rugged,  the  topography  con- 
sisting for  the  most  part  of  rather  low  and  rounded  hills,  largely  g^rass 
covered,  although  the  upper  part  of  the  basin  is  steep  and  mount^n- 
ous.  The  cleared  land  amounts  to  probably  one- third  of  the  whole 
area,  possibly  more.  The  stream  reached  a  very  low  stage  in  the 
autumn  of  1900,  lower  than  ever  before  known,  it  is  stated.  The  dis- 
charge measured  on  September  10  was  1.36  second-feet.  The  maxi- 
mum rise  in  flood  is  about  4  feet. 

Little  Pine  Creek  and  Hayes  Run  are  entirely  similar  streams, 
though  much  smaller. 

rVY  RIVER. 

Ivy  River,  the  next  tributary,  enters  the  French  Broad  from  the 
east,  and  is  the  principal  tributary  in  North  Carolina.  It  rises  on  the 
western  slopes  of  the  Great  Craggy  Mountains,  near  Yeates  Knob, 
the  headwaters  being  at  an  elevation  of  about  5,000  feet,  and  flows 
in  a  general  westerly  direction,  joining  the  French  Broad  about  2i 
miles  above  Marshall,  draining  an  area  of  176  square  miles. 

For  about  3  miles  above  its  mouth  the  valley  of  the  river  is  very 
narrow  and  the  banks  of  the  stream  are  steep,  showing  much  exposed 
rock,  but  they  are  forested  with  a  growth  of  considerable  density. 
Above  this  3-mile  stretch,  although  the  gorge  formation  still  persist.s 
for  a  considerable  distance,  the  hills  do  not  nse  to  so  great  heiglits, 
and  the  country  beyond  the  summit  of  the  bluffs  is  composed  of  a 
succession  of  hills  and  ridges  of  moderate  height,  very  sharp  topped, 
and  inclosing  narrow  Y-shaped  valleys,  the  hillside  sloi)es  ranging 
from  10  to  30  degrees.  A  large  part  of  the  area — perhaps  75  per 
cent — is  cleared.  It  is  probable  that  nearly  50  per  cent  of  the  whole 
area  drained  by  Ivy  River  is  either  under  cultivation  or  is  grass. 
Throughout  this  part  of  its  course,  or  to  beyond  Qrantville,  the  stream 
channel  is  very  tortuous. 

As  the  stream  is  ascended  the  topography  becomes  less  strongly 
marked  and  the  country  better  fitted  for  agriculture  and  stock  rais- 
ing, until  a  short  distance  below  Barnardsville  the  mountains  begin 
again  to  encroach  on  the  river  and  the  cultivated  lands  are  confined 
to  the  immediate  valley  of  the  stream.  There  is  considerable  tim- 
ber yet  standing  in  the  high  mountains  about  the  headwaters,  much 
of  it  being  inaccessible. 

Corundum  has  been  found  near  Democrat,  nickel  stainings  have 
been  observed  in  the  rocks  at  many  localities,  and  a  vein  of  serpentine 
of  good  quality  crosses  part  of  the  basin. 
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The  stream  has  a  large  fall  throughout  its  length,  the  average  fall 
per  mile  between  its  mouth  and  Barnardsville,  at  the  junction  of  the 
forks,  being  about  43  feet.  It  could  be  made  to  furnish  power  in 
large  amounts,  but  as  yet  very  little  has  been  done  in  that  direction. 
About  1  mile  above  its  mouth  there  is  a  fall  of  6  feet  in  200  feet,  over 
ledges  of  solid  rock,  the  width  of  the  stream  being  between  60  and  70 
feet. 

The  most  important  power  site  on  the  stream  is  about  2  miles 
above  its  mouth.  Here  Mr.  W.  B.  £llis,  of  Asheville,  and  others, 
have  planned  a  large  power  development,  which  is  about  half  com- 
pleted. The  plans  include  an  arched  masonry  dam  95  feet  in  height, 
360  feet  long  on  top,  60  feet  wide  at  base,  and  12  feet  thick  to  the 
83-foot  level.  The  race  is  to  be  860  feet  long  from  the  dam  to  the 
power  house,  built  partly  in  embankment  and  partly  in  open  rock  cut, 
with  100  feet  of  tunnel  and  250  feet  of  steel  flume,  which  will  carry 
the  water  to  a  pair  of  22-inch  turbines.  It  is  stated  that  the  How  of 
the  stream  will  be  sufficient,  with  proper  storage,  to  develop  2,000 
horsepower  under  a  working  head  of  110  feet,  the  natural  flow  of  the 
stream  yielding  1,000  horsepower  under  that  head.  The  power  is  to 
be  transmitted  electrically  to  Asheville,  Marshall,  and  other  places  at 
a  iK>tential  of  10,CX)0  or  11,000  volts.  During  the  autumn  of  1900, 
when  the  plant  was  last  visited,  all  work  had  been  suspended,  due 
largely,  it  was  rumored,  to  lack  of  water. 

On  the  basis  of  1,000  horsepower  developed  continuously,  the  flow  of 
the  stream  at  this  place  is  calculated  as  follows :  It  is  safe  to  assume  that 
the  losses  of  energy  in  the  wheels,  dynamos,  and  in  transmission  will 
amount  to  at  least  20  per  cent  of  the  total  energy  due  to  the  water, 
and  as  it  is  the  intention  to  deliver  1,000  horsepower  at  the  end  of  the 
transmission  line,  this  will  require  of  the  stream  a  flow  capable  of 
developing  1,260  gross  horsepower  with  a  head  of  110  feet,  or  11.36 
gross  horsepower  per  foot  of  fall.  One  second-foot  of  water  falling 
1  foot  will  yield  0.1135  gross  horsepower,  so  that  in  order  to  produce 
11.36  gross  horseiK)wer  per  foot  fall  a  flow  of  practically  100  cubic 
feet  j)er  second  will  be  necessary,  and  during  times  of  drought  the  . 
stream  does  not  carry  that  amount  of  water.  When  thesei  notes  were 
made,  in  October,  1899,  although  the  discharge  could  not  be  gaged,  it 
was  estimated  to  be  not  much  more  than  50  second-feet.  When  the 
locality  was  visited  in  the  fall  of  1900,  at  a  time  when  the  stream  was 
said  to  be  very  low,  the  discharge  was  gaged  a  short  distance  above 
the  head  of  the  backwater  from  the  dam  and  a  flow  of  41.72  second- 
feet  was  found. 

Just  above  the  mouth  of  Little  Ivy  River  there  is  a  gristmill  with 
an  8-foot  dam,  giving  a  fall  of  10  feet,  and  at  Democrat  there  is  a 
similar  milL 
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8ANDTMUSH  CRBBE:. 

The  next  tributary  is  Sandymnsh  Creek,  which  joins  the  French 
Broad  about  4  miles  above  the  mouth  of  Ivy  River.    This  creek  rises 
on  the  northern  slopes  of  the  Newfound  Mountains,  in  a  number  of 
small  creeks  which  have  a  general  northerly  or  northeasterly  course. 
Including  Turkey  Creek,  which  joins  it  near  its  mouth,  it  has  a  drain- 
age area  of  86  square  miles.     Near  its  mouth  and  for  a  considerable 
distance  upstream  the  creek  lies  in  a  deep  and  narrow  gorge,  but  far- 
ther up  the  valley  widens  very  much  and  the  topography  becomes  less 
strongly  marked  over  a  large  part  of  the  area.     The  high  hills  which 
inclose  the  valle^'^are  rough  and  steep,  most  of  them  ranging  from  15  to 
30  degrees,  but  many  of  them  being  much  steeper.     The  proportion 
of  cleared  land  is  smaller  than  in  the  basin  of  Turkey  Creek,  being 
less  than  half  of  the  whole  area.     Above  the  junction  of  Little  Sandy- 
mush  Creek  the  area  is  entirely  mountainous  and  forested,  with  the 
exception  of  small,  narrow  areas  immediately  along  the  stream.    Pine 
trees  seem  more  numerous  than  heretofore  noted,  the  character  of  the 
hard-wood  growth  remaining  the  same,  also  the  agricultural  prodacts. 
The  soil  is  a  fertile  loam,  the  country  rock  a  much  laminated  and 
contorted  gneiss. 

The  stream  is  said  to  have  reached  its  minimum  stage  of  flow  dar- 
ing the  fall  of  1900  (see  measurements  in  table  on  page  128).  During 
floods  it  is  subject  to  violent  rises  of  from  6  to  7  feet. 

Turkey  Creek, — The  valley  of  this  tributary  of  Sandy  mush  Creek 
is  very  different  in  character  from  that  of  the  main  stream.  In  pro- 
portion to  its  size  its  valley  is  broader  than  that  of  any  stream  ye: 
described.  The  pro^iortion  of  cleared  land  seems  to  be  about  75  pei 
cent  over  the  lower  part  of  the  basin,  and  is  probably  66  per  cent  of 
the  whole  area.  The  topography  is  a  succession  of  hills  and  ridges 
divided  by  broad  valleys,  and  the  hillside  slopes  are  comparatively 
gentle.  The  soil  is  deep  and  fertile.  The  country  rock  seems  with 
out  exception  a  gneiss.  At  the  time  the  stream  was  visited  all  of  the 
land  except  that  in  com  was  covered  with  grass,  and  this  is  true  if 
all  this  section  of  country  during  the  fall  and  summer  months.  A 
large  part  of  the  area  is  planted  in  wheat,  and  when  that  is  harvestt-i 
grass  quickly  covers  the  land,  remaining  until  seeding  time  eoint^ 
again. 

The  creek  falls  very  low  at  times,  reaching,  it  is  said,  its  lowt^ 
stage  in  the  fall  of  1900,  and  though  subject  to  floods  of  6^  to  7  ft^^ 
these  are  rare  and  generally  of  short  duration. 

FLAT  CRBEK. 

The  next  tributary  is  Flat  Creek,  which  enters  the  French  Bp» 
from  the  east,  about  1  mile  below  Alexander.  It  is  a  small  si  re.-, 
rising  on  the  western  slope  of  the  Flat  Creek  Mountains  and  draiDit- 
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a  broad  and  fiat  valley  of  considerable  extent.  The  topography  is  in 
broad  and  low  flattened  hills  and  ridges,  the  hillside  slopes  being  very 
gentle.  Seemingly  about  two-thirds  of  the  area  is  cleared  land,  about 
one-half  of  it  in  grass  and  the  other  half  chiefly  in  wheat,  com,  and 
tobacco.  The  soil  appears  deep  and  fertile.  No  exposed  rocks  were 
seen,  though  the  basin  is  underlain  by  gneiss  or  granite.  The  stream 
is  subject  to  periods  of  very  low  flow,  and  during  floods  it  rises  from 
5  to  6  feet  at  the  mouth. 

REEMS,  NEV7FOUND,  AND  BEAVERDAM  GREEKS. 

Reems  Creek,  the  next  tributary,  enters  the  river  from  the  east  a 
short  distance  above  Alexander,  and  seems  in  every  respect  similar 
to  Flat  Creek,  just  described.  It  was  gaged  at  its  mouth,  with  the 
results  given  in  the  table  on  page  128.  The  maximum  flood  rise  is 
from  5  to  6  feet. 

Newfound  Creek,  entering  the  French  Broad  from  the  southwest, 
rises  close  to  the  headwaters  of  Turkey  Creek,  near  Turkey  Creek 
Pinnacle,  and  in  soil,  topography,  and  general  characteristics  is  a 
stream  similar  to  Turkey  Creek. 

Beaverdam  Creek,  entering  the  French  Broad  from  the  east  a  short 
distance  below  Owenby,  drains  a  long,  narrow,  and  rather  flat  valley 
containing  a  large  proportion  of  cleared  land,  but  it  is  a  small  and 
unimportant  stream. 

SALUDA   RIVER. 

About  10  miles  above  Greenville,  S.  C,  Saluda  River  is  formed  by 
the  confluence  of  the  North  Saluda  and  the  Middle  Saluda.  The 
South  Saluda,  a  stream  nearly  or  quite  as  large  as  the  two  other 
streams  combined,  enters  the  Middle  Saluda  a  few  miles  above  the 
junction  of  the  latter  stream  with  the  North  Saluda.  The  watershed 
of  these  three  branches  is  deflned  by  the  North  Carolina-South  Caro- 
lina boundary  line,  extending  from  the  Greenville-Fickens  county 
line  in  South  Carolina  to  the  western  slope  of  Rocky  Spur,  5  miles 
southeast  of  Saluda,  N.  C,  the  total  length  being  about  36  miles  and 
the  drainage  area  estimated  at  about  380  square  miles.  The  water- 
shed includes  the  southern  slopes  of  the  Saluda  Mountains  and  a  por- 
tion of  the  Blue  Ridge.  Below  the  junction  of  the  three  forks  the 
main  stream  flows  in  a  general  southeasterly  direction  through  the 
State  of  South  Carolina,  joining  Broad  River  near  Columbia,  to  form 
the  Congaree. 

The  steep  slopes  at  the  headwaters  of  the  river  are  densely  forested, 
l>ut  the  valleys  of  even  the  smaller  tributary  streams  have  been 
cleared.  Oak  and  hemlock  predominate,  but  pine  and  other  timber 
a^re  frequently  intermingled.  The  trees  are  not  in  good  condition, 
however,  owing  to  frequent  seal's  from  fire  and  other  destructive 
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agencies.  The  soil  is  largely  composed  of  material  derived  from  the 
decomposition  of  granite  and  gneiss.  In  many  parts  of  the  basin  it 
has  a  thick  layer  of  humus  and  is  very  fertile;  in  other  parts,  how- 
ever, a  clay  is  formed  which  is  impervious  to  water  and  not  well 
suited  to  agriculture.  The  soil  in  the  former  places  will  not  with- 
stand the  action  of  flowing  water,  and  where  the  forests  have  been  cut 
considerable  washing  of  the  top  soil  can  be  observed.  In  the  lower 
part  of  the  drainage  basin  the  soil  is  sandy  and  is  largely  devoted  to 
agriculture,  the  chief  crops  being  cotton,  sugar  cane,  and  sweet 
potatoes. 

The  Saluda  is  largely  outside  of  the  mountain  region,  it«  head. 
waters  only  being  on  the  slopes  of  the  Blue  Ridge.  For  this  reason  it  is 
perhaps  not  of  as  great  importance  in  the  investigation  of  the  proposed 
Southern  Appalachian  Park  as  the  streams  which  rise  and  flow  for 
many  miles  through  the  mountains.  The  preservation  of  the  forests, 
however,  is  of  the  greatest  importance,  owing  to  the  nonresistant 
character  of  the  soil  and  the  danger  of  heavy  wash  and  floods. 

NORTH   SALUDA  RIVER. 

This  stream  rises  on  the  western  slope  of  Rocky  Spur  and  Hogback 
Mountain,  at  an  elevation  of  2,600  feet.  It  is  25  miles  long  and  flows 
in  a  general  southwesterly  direction,  joining  the  Middle  Saluda  about 
3  miles  below  the  confluence  of  that  stream  with  the  South  Saluda. 
The  elevation  at  the  junction  is  about  980  feet.  The  average  fall  per 
mile  is  therefore  about  65  feet.  Most  of  this  fall,  however,  is  on  the 
upper  portion  of  the  stream,  the  average  fall  per  mile  for  a  distance 
of  20  miles  above  the  mouth  of  the  North  Saluda  being  only  about  25 
feet. 

Around  the  headwaters  of  the  stream  about  15  per  cent  of  the  water- 
shed has  been  cleared.  The  western  sides  of  Rocky  Spur,  Hogback 
Mountain,  and  Glassy  Mountain  and  the  eastern  slopes  of  the  Saluda 
Mountains  have  been  very  little  cleared,  while  the  southern  slopes  of 
the  latter  mountains  are  especially  well  wooded.  No  lumbering  is 
being  done  in  this  section,  and  the  land  cleared  for  farming  purposes 
is  proportionately  small.  As  a  natural  consequence  of  its  forested 
basin  the  waters  of  the  stream  are  never  very  muddy,  although  they 
are  said  to  contain  more  sediment  than  either  the  Middle  Saluda  or 
the  South  Saluda. 

After  leaving  the  mountains  the  flood  plain  of  the  river  broadens, 
and  the  wide,  flat  bottoms  are  given  up  largely  to  agriculture,  the 
chief  crop  being  corn,  although  considerable  cotton  is  raised.  Dis- 
charge measurements  were  taken  on  the  North  Saluda  2  miles  below 
Humphries's  store,  at  Lima,  and  at  Marietta,  with  the  results  given 
in  the  table  on  page  138.  The  river  has  an  average  annual  fluctuation 
of  10  feet. 
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Fall  Creek,  a  small  tributary  flowing  into  the  North  Saluda  about 
midway  between  Humphries's  store  and  Lima,  has  a  fall  of  about  120 
feet  to  the  mile  and  a  mean  discharge  of  6  or  8  second-feet. 

MIDDLE  SALUDA  RIVEB. 

The  Middle  Saluda  rises  in  Jones  Gap,  in  the  Blue  Ridge,  on  the 
North  Carolina-South  Carolina  boundary  line,  at  an  elevation  of  3,000 
feet.  Its  total  length  is  about  20  miles;  the  elevation  at  its  mouth 
990  feet.  It  has  an  average  fall  of  100  feet  to  the  mile,  but,  as  in  the 
ease  of  the  North  Saluda,  the  f aU  is  much  greater  in  its  upper  portion 
than  in  its  lower  course,  the  average  fall  for  10  miles  above  its  mouth 
being  only  11.6  feet  per  mile. 

The  drainage  conditions  affecting  the  flow  of  the  stream  are  similar 
to  those  of  the  North  Saluda.  Its  flood  plain  is  quite  broad  below 
Riverview  and  is  under  cultivation.  The  soil  in  the  river  bottoms  is 
rich  and  loamy  and  black  in  color,  while  the  hills  are  covered  with  a 
deep,  rather  rich,  light-red  soil.  A  large  amount  of  cotton  is  raised 
around  Marietta,  and  below  that  place  cotton  constitutes  the  chief 
crop. 

The  water  power  is  better  than  that  of  the  North  Saluda.  The 
Cleveland  mill,  on  Mill  Creek,  a  tributary  from  the  east,  is  a  small 
sawmill  and  gristmill  having  a  working  head  of  about  12  feet.  Below 
it  shoals  are  quite  frequent  on  the  main  stream.  Opposite  Marietta 
there  is  a  shoal  a  half  mile  long,  called  Long  Shoal.  The  fall  is  pos- 
sibly 10  feet  in  200  feet.  Two  miles  below  the  Long  Shoal  there  is  a 
sawmill  and  gristmill  having  a  dam  about  6  feet  high  and  a  working 
head  of  12  or  15  feet.  The  average  annual  fluctuation  of  the  Middle 
Saluda  is  9  feet. 

SOUTH  SALUDA  RTVER. 

This  branch  has  a  total  length  of  30  miles.  It  rises  just  behind 
Pinnacle  Mountain,  at  an  elevation  of  2,700  feet.  The  difference  in 
elevation  between  its  head  and  mouth  is  1,720  feet,  the  average  fall 
per  mile  57  feet.  It  has  one  large  tributary,  viz,  Oolenoy  (sometimes 
called  Illinois)  Creek,  a  stream  about  10  miles  long,  with  an  average 
fall  of  30  feet  to  the  mile  below  Sunnydale.  It  has  wide  and  fertile 
bottom  lands,  planted  chiefly  in  corn.  The  upper  watersheds  of 
both  South  Saluda  River  and  Oolenoy  Creek  have  been  practically 
untouched  by  the  woodman's  ax. 

The  only  fall  observed  on  the  South  Saluda  was  8  miles  west  of  the 
Cleveland  mill,  just  below  the  bend  in  the  stream.  The  fall  there  is 
30  feet  in  100  feet,  but  the  building  space  is  rather  cramped.  The 
flood  plain  of  the  river  varies  in  width  from  50  to  200  yards,  and  the 
soil  is  deep  and  rich. 

The  scenic  features  of  the  region  surrounding  the  headwaters  of 
the  South  Saluda  and  the  Middle  Saluda  are  remarkably  striking. 
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The  southern  slopes  of  the  Blue  Ridge  are  very  steep.  Table  Rock, 
a  mountain  with  an  elevation  of  3,157  feet,  is  surrounded  by  an  escarp- 
ment of  bare  rock  on  all  sides  except  one,  and  presents  a  very  forbid- 
ding appearance.  There  is  a  popular  summer  resort,  owned  by 
Furman  University,  on  Caesars  Head  Mountain. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  measurements  were  made  of  the  North 
Saluda,  the  South  Saluda,  the  Middle  Saluda,  and  Fall  Creek,  as 
shown  in  the  following  table.  A  gaging  station  has  been  maintained 
on  the  main  river  at  Waterloo,  S.  C,  since  August  30,  1896,  the 
results  obtained  "being  published  in  the  subsequent  annual  reports  of 
the  Survey. 

Discharge  measurements  of  Saluda  River  and  tributaries. 


Date. 


Stream. 


1901. 
May  24    Saluda  River  . . . . 

1900.     ' 
Sept.  7  I  SoQth  Saluda 
River. 
,..do 


Oct.   14 

1901. 
May    3 

1900. 
Sept.  7 

Oct.  14 

1901. 
May    3 

1900. 
Sept.  7  '  Middle  Saluda 

River. 
Oct.  13  i do.. 


do 

do 
do 

.do 


1901. 
May    2 

1900. 
Sept.  7 

Oct.  13 

1901. 
May    3 

1900. 
Sept.  6 


Do. 
Do. 


.do 


North  Saluda 

River. 
do 


.do. 
.do 


do 

Fall  Creek 


Locality. 


Oreenville.S.  C 


Freeman  Bridge,  below  mouth  of 

Middle  SaluiSa  River. 
.....do 


.do 


2  mHea  above  mouth  of  Middle 

Saluda  River. 
do 


.do 


1  mile  above  month 
do 


.do 


Iron  bridge  at  Marietta. 
do 


.do 


Bridge  on  Lima-Cleveland  Mill 

road. 
2  miles  below  Humphries's  store. 
Bridge  on  road  to  Lima 


Hydrographer. 


N.C.  Curtis. 

....do 

.....do 


E.  W.  Myers 

N.C.  Curtis. 
do 


E.  W.Myers 

N.C.Curtis. 
do 


E.  W.  Myers 

N.C.Curtis. 
do 


E.  W.  Myers 


N.  C.  Curtis. 


do 
.do 


Gage 
leight 


Dis- 
height.  Icharge. 


Feet. 
84.5 


14.1 
14.1 

12.4 

6.0 
6.0 


Sec-ft. 
1,.^94.0 


U.75 


10.8 

14.7 
14.17 

18.5 

12.9 
14.2 


2S3.0 

in.o 

4flB.0 

18&0 
134.0 

290.0 


0 
55.0 

ISl.O 

58.3 
80.0 

163.0 

56.1 


1 
15.0 


•  Elstimated. 

Note.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  estab- 
lished and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lo^^ering 
of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  reverse  of 
the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an ; 
in  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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BROAD  RIVER. 
PHYSICAL  FEATURES. 

Broad  River  rises  on  the  eastern  slope  of  the  Blue  Ridge,  in  Mc- 
Dowell County,  N.  C,  between  the  Swannanoa  and  the  Edmondson 
mountains.  It  flows  in  a  southwest-eriy  direction  through  Hickory 
Nut  Gap  (see  PI.  XXXIII),  until  it  is  joined  by  Green  River,  when  it 
bends  to  the  east  and  maintains  that  course  for  about  20  miles.  After 
it  is  joined  by  the  First  Broad  it  turns  abruptly  to  the  south  and 
crosses  the  North  Carolina  boundary  line  near  Shelby.  The  river 
and  its  tributaries  were  examined  as  far  down  as  Dellinger,  S.  C, 
about  1  mile  from  the  State  boundary  line.  Its  drainage  area  in 
North  Carolina  includes  portions  of  Henderson,  Polk,  Rutherford, 
McDowell,  and  Cleveland  counties,  and  aggregates  1,400  square  miles. 
Its  total  drainage  area  is  4,950  square  miles. 

Three  important  branch  streams  contribute  their  waters  to  tho^e  of 
Broad  River,  two  entering  from  the  north,  called  First  Broad  and 
Second  Broad,  and  the  other  entering  from  the  west  and  known  as 
Green  River.  These  streams  drain  an  area  of  the  Blue  Ridge  and 
adjacent  ridges  extending  to  the  State  boundary  line  in  Henderson 
County  to  and  including  the  south  side  of  the  South  Mountains  in 
Rutherford  and  Cleveland  counties.  Pool  Creek,  a  small  branch 
from  the  south,  discharging  6  or  8  cubic  feet  per  second,  is  interesting 
on  account  of  the  pools  which  have  been  formed  through  the  action  of 
the  water.  There  are  three  of  these  pools,  each  resembling  a  huge 
auger  hole  6  feet  in  diameter.  No  definite  information  was  obtainable 
as  to  their  depths.  Buffalo  Creek,  a  small  stream  rising  on  the  east 
side  of  the  Bald  Mountains  and  entering  Broad  River  from  the  north, 
has  a  wide  flood  plain  near  its  mouth  and  an  average  rise  of  6  feet. 
Just  above  Ayr  it  is  said  to  have  a  fall  of  30  feet.  This  stream  was 
not  visited. 

After  leaving  Batcave,  where  it  is  joined  by  Hickory  Nut  Creek  (a 
typical  headwater  tributary  shown  in  PI.  XXXIV),  Broad  River  flows 
for  6  miles  through  a  gorge  which  is  justly  famous  for  the  grandeur 
of  its  scenerj'^  and  the  number  of  interesting  natural  curiosities.  The 
mountains  rise  abruptly  on  either  side  to  a  height  of  200  feet  above 
the  stream  bed,  and  for  about  three-fourths  of  the  way  up  are  clothed 
with  a  thick  forest  growth.  The  upper  side  of  each  slope  is  guarded 
by  an  escarpment  of  granite  absolutely  bare  of  all  verdure.  This  wall 
of  rock  varies  in  height  from  200  to  1,000  feet.  On  the  northeast  cor- 
ner of  Sugarloaf  Mountain  and  overlooking  the  gorge  is  a  perpen- 
dicular mass  of  rock  called  Chimney  Rock,  which  is  detached  from 
tlie  face  of  the  mountain  and  stands  a  massive  silhouette  against  the 
sky.     Its  greatest  height  is  213  feet,  its  diameter  at  the  summit  60 


140       SOUTHERN  APPALACHIAN  MOUNTAIN  BEGION,  PT.  II.        [>«>.6S. 

feet.'  The  top  of  the  rock  is  reached  by  a  wooden  stairway.  A  half 
mile  directly  west  of  Chimney  Rock  are  the  falls  of  Fall  Creek,  which 
are  said  to  have  a  sheer  drop  of  several  hundred  feet,  but  the  quan- 
tity of  water  is  insufficient  for  water  power.  On  the  left  bank  of  the 
river  is  a  mountain  known  as  Old  Rumbling  Bald. 

The  region  possesses  a  great  variety  of  scenic  and  agricultural  fea- 
tures. The  soil  is  generally  loose  and  porous.  The  headwaters  of 
Broad  and  Green  rivers  rise  among  the  high  peaks  of  the  Blue  Ridge, 
and  after  winding  their  way  through  gaps  and  gorges  finally  emei^ 
and  flow  through  a  region  of  low,  rolling  hills.  There  is  very  little 
bottom  land  along  any  of  the  larger  tributaries.  The  only  extensive 
stretches  observed  were  along  the  lower  portions  of  Whiteoak  Creek 
and  Cove  Creek.  The  entire  region  is  very  healthy.  The  country 
east  of  the  Blue  Ridge,  including  the  watershed  and  the  drainage 
basin  of  Broad  and  Oreen  rivers,  is  fair  for  farming  purposes,  though 
the  soil  is  not  especially  rich.  The  chief  crops  in  this  section  appear 
to  be  com  and  wheat. 

RAINFALL. 

The  rainfall  in  the  basin  of  Broad  River  is  approximately  51  inches, 
distributed  throughout  the  year  as  follows:  Spring,  13 inches;  sum- 
mer, 13  inches;  autumn,  10  inches;  and  winter,  15  inches.  The  rain- 
fall in  the  region  above  the  headwaters  is,  however,  probably  much 
greater  than  this.  The  bed  of  the  stream  is  of  rock,  clay,  sand,  or 
gravel,  but  in  many  places  the  banks  are  low  and  the  bottoms  are 
overflowed  during  freshets. 

FORESTS. 

The  timbered  areas  are  comparatively  small.  Very  little  clearing 
has  been  done  around  the  headwaters  of  either  Broad  River  or  Green 
River.  The  drainage  basins  of  the  Broad  proper,  the  First  Broad, 
and  the  Second  Broad  contain  little  valuable  timber.  For  2  miles 
above  Batcave  the  land  has  been  considerably  cleared  for  farming, 
corn  being  the  chief  crop.  The  upper  watershed  of  Reedy  Patch 
Creek  has  been  entirely  cleared,  and  extensive  clearing  has  been  done 
around  the  heads  of  Cove,  Maple,  and  Mountain  creeks. 

MINERALS. 

The  mineral  wealth  of  the  Broad  River  region  is  considerable. 
Deposits  of  gold  are  found  about  the  headwaters  of  the  First  Broad, 
the  Second  Broad,  and  Silver  and  Muddy  creeks,  and  these  have 
been  worked  in  a  crude  way  since  1830.  Several  mines  are  also 
being  worked  on  the  flanks  of  the  South  Mountains,  the  ore  being  a 
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very  good  grade  of  snlphuret.  Here  the  famous  Bechtler  dollar  was 
formerly  coined.  Monazite  is  extensively  mined  and  shipped  to  the 
North  and  to  foreign  countries.  Copper,  corundum,  and  tin  are 
among  the  minerals  obtained. 

DISCHABGE  MEASUREMENTS. 

During  the  investigation  two  giving  stations  were  established  on 
Broad  River,  one  at  Dellinger,  S.  C,  and  the  other  near  Alston,  S.  C, 
and  measurements  were  made  at  these  stations  and  at  other  places  on 
the  main  river,  as  shown  in  the  following  table.  Measurements  of 
the  tributary  streams  are  given  in  the  table  on  page  143. 

Discharge  measurements  of  Broad  River, 


Date. 


1900. 
Feb.  3B 
Apr.  18 
Apr.  90 
May  23 
Jnly  5 
Aug.  17 

1901. 
May    7 

1900. 
Ang.  30 
Aug.  28 

Aug.  25 
Oct.   18 

1901. 
Aug.   9 

1900. 
Aug.  22 

Oct.     6 

1901. 
Aug.  10 

1900. 
Aug.  21 

Oct     6 


Locality. 


Near  Alston,  S.G 

do 

do 

....do 

do 

....do 


Near  Blacksburg,  S.  C. 


At  Dellinger,  8.  G 

Ford  1  mile  above  month  of  Second 
Broad  River,  North  Carolina. 

McClnre^s  bridge.  North  Carolina 

do 


do. 


Near  month  of  Buffalo  Creek,  North 

Carolina. 
do 


Near  Chimney  Rock.N.  C. 


Bri^  at  Batcave,  N.  C. 

::;::doi"""i"i""i!"! 


Hydrographer. 


E.  W.Myers 

do 

do 

.....do 

do 

do 


.do 


.....do 

H.A.Presaey 


N.  C.  Curtis 
do 


.do 

.do 
.do 

do 


do 
do 
.do 


Gage 
heicSit. 


Feet. 
5.40 
6.28 

18.60 
8.40 
4.25 
2.80 


2.  GO 


0.80 
6.95 

23.48 
22.67 


20.8 

15.2 
14.60 

14.1 


10.15 
10.45 


Dis- 
charge. 


Sec- ft. 
8,913.0 


44,466.0 
4,406.0 
5,962.0 
2,840.0 


2,418.0 


1,430.0 
640.0 

220.0 
434.0 


683.5 

57.1 
145.4 

247.6 


60.1 
48.0 
62.4 


Note.— At  regular  stations  of  the  Qeological  Survey  gages  are  installed  by  which  the  rise  of 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  discharge 
of  the  stream,  lliis  is  true  of  all  the  measurements  in  the  above  table  except  those  made  near 
Alston  and  at  Dellinger,  where  bench  marks  were  established  and  measurements  were  made,  by 
means  of  a  steel  tape,  of  the  distance  from  the  bench  mark  to  the  surface  of  the  water.  In  the 
latter  case,  therefore,  an  increase  in  the  gage  height  means  a  lowering  of  the  water  surface 
and  a  corresponding  decrease  in  the  dischaz^e  of  the  stream. 


The  average  annual  fluctuation  of  the  river  at  its  mouth  and  near 
Buffalo  Creek  is  10  feet;  at  Batcave  it  is  8  feet. 
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WATER  POWERS. 

Broad  River  rises  at  an  eleyation  of  3,100  feet.  The  elevation  at 
the  junction  of  Broad  and  Green  rivers  is  about  780  feet.  The  total 
length  of  this  portion  of  the  stream  is  about  40  miles  and  the  differ- 
ence in  elevation  2,320  feet,  making  the  average  fall  "per  mile  58  feet. 
The  average  fall  x>er  mile  from  its  head  to  its  junction  with  Hickory 
Nut  Greek,  at  BatcAve,  is  125  feet.  From  Batcave  to  a  half  mile 
below  the  mouth  of  Pool  Greek  the  fall  is  also  125  feet  per  mile,  bat 
from  that  point  to  the  mouth  of  Green  River  the  fall  is  only  8  feet  to 
the  mile.  As  far  down  as  Batcave  the  stream  has  a  flood  plain  of 
about  75  yards  average  width,  with  no  very  steep  slopes  on  either 
side.  Hickory  Nut  Greek,  a  small  stream  entering  the  river  just 
above  the  mouth  of  Reedy  Patch  Greek,  has  an  average  fall  of  175 
feet  per  mile,  and  the  latter  stream  a  fall  of  150  feet  per  mile. 

The  water  power  of  the  upper  section  of  the  river  is  excellent  and 
has  been  very  little  developed.  Rock  ledges  are  numerous,  and  falls 
of  8  feet  in  100  feet  frequently  occur.  The  only  obstacle  is  the  absence 
of  good  building  sites.  There  are  three  mills  between  Batcave  and 
Pool  Greek,  each  having  a  working  head  of  about  10  feet. 

The  distance  between  Poors  Ford  and  Dellinger  is  25  miles.  The 
water  powers,  descending  the  stream,  are,  briefly,  as  follows:  (1)  Big 
Island  Ford  Shoals,  1^  miles  below  Poors  Ford,  having  a  vertical  fall 
of  3  feet  and  a  slope  of  probably  6  or  7  feet  in  400  yards,  with  good 
rock  bottom  and  natural  abutments;  (2)  Durham  Shoals,  6  miles 
below  the  mouth  of  Second  Broad  River,  with  a  vertical  fall  of  7  feet, 
which  could  be  increased  to  12  feet  at  the  wheel,  and  with  excellent 
foundations  for  a  dam  and  building;  (3)  Palmers  Shoals,  1  mile  below 
the  mouth  of  First  Broad  River,  with  a  fall  of  about  18  feet  in  a  half 
mile  (the  south  bank  at  these  shoals  is  nearly  level,  but  the  rock 
cliff  juts  out  prominently  on  the  north  bank) ;  and  (4)  Hopper  and 
Blanton  shoals,  where  the  river  makes  a  horseshoe  bend  and  the 
difference  in  elevation  across  the  neck  is  said  to  be  30  feet,  the  short 
shoal  on  the  lower  side  of  the  neck  being  known  as  the  Hopper  Shoal 
and  the  one  on  the  upper  side  as  the  Blanton  Shoal.  The  latter 
power  could  be  developed  by  piei^cing  the  neck  of  the  tunnel  and 
damming  the  water  at  the  Blanton  Shoal. 


.] 
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TRIBUTARIES  OP  BROAD  RIVER. 
DISCHARGE  MEASUREMENTS. 

'During  the  investigation  the  following  measurements  were  made  of 
the  principal  tributaries  of  Broad  River,  in  order  upstream: 

Discharge  mecuurements  of  tributaries  of  Broad  River. 


Date. 


1901. 
May  S4 

May  25' 

1900. 

Aug.  ao 

Oct.  10 
Aug.  23 
Aug.  24 
Aug.  28 

Aug.  24' 

Oct.     4 

1901. 
Aug.  13 

1900. 
Aug.  23 
Oct.     5 
Aag.  31 
Sept  3 

Aag.  25 
Oct.     8 

1901. 
Aug.    0 
Ang.  26 

Oct.  8 
Ang.  22 
Oct.  « 
Aug.  22 
Aug.  21 

Do  .. 


Stream. 


EnoreeBiver. 
Tiger  River  . . 
Paoolet  River. 


First  Broad  River 

do 

Pazzle  Creek 

Robersons  Creek 
HoUlns  Creek.... 
Cathev  Creek.... 

Cane  Creek 

Second  Broad 

River. 
.....do 


.do 


do 

do 

Whlteoak  Creek. 

Cove  Creek 

Green  River 

do 

do 


do 

Maple  Creek 

Mountain  Creek. 

do 

Cove  Creek 

do 

Buffalo  Creek.... 
Reedy     Patch 

Creek. 
Hickory     Nut 

Creek. 


Locality. 


areenvllle,S.C 

14  miles  east  of  Greenville. 
Clifton,8.C 


Near  mouth 

do 

do 

At  mouth 

do 

do 

1  mile  above  month 

Bridge  on   Rutherfordton-Mor- 

ganton  road. 
do 


Iron  bridge  near  Boetlc  Station 


U  miles  east  of  Forest  City 

do 

One- half  mile  above  mouth 

Near  month 

Near  Saluda,  on  Howard  Gap  road 

Coz^s  bridge 

do 


do 

Near  mouth 

do 

do-. 

Bridge  at  Rutherfordton  road 

15  yards  below  main  ford 

At  mouth 


do 


Hydrographer. 


N.  C.  Curtis 

do 

do 


do. 
.do. 
do. 
do. 
.do. 
.do-, 
-do. 
.do. 

.do. 


.do 


do 
.do 
.do 
.do 
do 
.do 
.do 


do 
do 
.do 
do 
.do 
.do 
.do 
.do 

.do 


Gage 
lielght 


e 
height. 


Feet. 

7.7 

10.5 

13.1 


17.7 
16.2 

6.  TO 


5.8 
3.85 
5.43 
7.35 

7.00 


28.45 


20.8 
20.82 
4.65 
5.40 
17.7 
22.9 
22.6 


21.0 
7.70 
6.88 
6.48 
18.65 
18.10 
4.10 
5.76 

4.80 


Dis- 
charge. 


Sec.ft. 
100.0 
174.0 
900.0 


285.3 
266.4 
10.0 
24.0 
14.3 
42.0 
17.0 
55.0 

64.0 


273.3 


163.3 

188.3 

64.  U 

19.2 

74.1 

299.0 

255.4 


833.2 
8.4 
55.3 
70.2 
60.3 
86.0 
17.0 
13.0 

15.2 


Note.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  estab- 
lished and  measarements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering 
of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  reverse 
of  the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an 
Increase  in  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 

Brief  descriptions  of  the  drainage  basins  and  water  powers  of  the 
three  largest  tributaries  are  given  on  the  following  pages. 

FIRST  BROAD  RIVER. 


This  tributary  rises  on  the  southern  slopes  of  the  South  Mountains, 
in  the  northern  part  of  Cleveland  and  Rutherford  counties,  N.  C, 
and  flowing  south  joins  Broad  River  about  8  miles  south  of  Shelby, 
N.  C.     It  drains  an  area  of  302  square  miles.     The  fall  between  the 
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crossing  of  the  railroad  from  Shelby  to  Rutherfordton  and  the  mouth 
of  the  stream  is  about  105  feet,  or  at  the  rate  of  8  feet  per  mile. 
The  width  of  the  stream  at  its  mouth  is  about  90  feet. 

The  water  powers  on  the  First  Broad  are  as  follows :  Ten  miles  north 
of  Shelby  and  3  miles  north  of  the  Double  Shoals,  where  is  located 
Cleveland  cotton  mill  No.  2,  which  contains  4,224  spindles  and  is 
run  by  water  power  exclusively,  a  fall  of  13  feet  being  utilized. 
At  the  Double  Shoals  there  is  a  cotton  factory  which  contains  2,000 
spindles  run  by  water  power.  The  dam  is  9  feet  high,  giving  a  total 
fall  of  16  feet.  Three  miles  southwest  of  Shelby  are  the  Lauraglen 
cotton  mills,  containing  3,500  spindles  operated  entirely  by  water 
power.  The  dam  is  14  feet  high  and  200  feet  long,  the  fall  of  water 
at  the  mill  15  feet.  Chambers's  gristmill,  still  farther  downstream, 
utilizes  a  fall  of  9  feet,  though  more  is  available — the  stream  at  this 
point  will  probably  afford  7  or  8  horsepower  per  foot  of  fall  in  the 
low  season  of  dry  years.  Stices's  Shoal,  about  4  miles  from  the 
mouth  of  the  river,  has  a  natural  fall  of  6  feet  in  a  distance  of  80 
feet  over  a  smooth  rock  bed,  with  considerable  fall  below.  By  the 
construction  of  a  dam  across  the  upjier  part  of  this  shoal  the  fall 
could  be  increased  still  more.  The  Buck  McSwain  Shoal  is  about  1 
mile  above  the  mouth  of  the  river,  and  has  a  natural  fall  of  3  feet  in 
150  yards. 

SECOND  BROAD  RIVER. 

This  stream  rises  on  the  southern  slopes  of  the  South  Mountains,  in 
McDowell  County,  N.  C,  about  10  miles  directly  south  of  Marion.  It 
flows  in  a  southerly  direction,  meeting  Broad  River  about  8  miles 
below  the  confluence  of  Broad  and  Green  rivers.  It  drains  an  area  of 
198  square  miles,  and  has  a  total  length  of  about  50  miles.  The  eleva- 
tion of  its  headwaters  is  1,500  feet,  of  its  mouth  about  700  feet,  giving 
an  average  fall  per  mile  of  16  feet. 

Comparatively  little  clearing  has  been  done  around  the  headwaters 
of  either  Second  Broad  River  or  Cove  Creek,  a  tributary  of  Broad 
River  which  rises  near  the  Second  Broad  and  drains  a  considerable 
portion  of  the  southern  slopes  of  the  South  Mountains.  The  propor- 
tion of  cleared  land  here  is  estimated  to  be  about  10  per  cent  of  the 
entire  area.  Lower  down,  however,  along  Cathey  and  Robersons 
creeks,  the  amount  of  cleared  land  is  much  greater,  probably  50  or  60 
per  cent  of  the  whole.  After  leaving  the  South  Mountains  the  river 
flows  through  a  region  of  low,  rolling  foothills.  The  timbered  areas 
are  thinly  covered,  the  trees  being  chiefly  pines  and  scrub  oaks.  The 
soil  is  rather  compact,  of  a  light-yellow  color,  and  not  particularly 
rich,  and  permits  fairly  good  roads  to  be  constructed  without  much 
diflBculty. 

Rutherfordton,  the  county  seat  of  Rutherford  County,  about  6 
miles  west  of  the  Second  Broad,  is  on  the  western  boundary  of  the 
cotton  belt.     The  farming  lauds  of  Cleveland  County  and  the  eastern 


PRBBKY.]  TRIBUTABIE8   OF   BBOAD   RIVER.  145 

half  of  Rutherford  County  are  mainly  devoted  to  the  production  of 
cotton.  Some  sorghum  cane  also  is  raised,  and  the  fanners  usually 
make  enough  molasses  for  their  own  consumption.  As  the  headwaters 
of  the  Second  Broad  and  Cove  Creek  are  approached  the  soil  increases 
in  fertility.  The  Cove  Creek  Bottoms  are  especially  adapted  to  the 
production  of  corn,  and  along  the  slopes  of  the  South  Mountains 
tobacco  is  easily  grown.  The  climate  of  the  region  is  salubrious, 
and  very  little  sickness  prevails  at  any  season  of  the  year. 

The  waters  of  the  First  Broad  and  the  Second  Broad  are  never 
clear,  even  after  protracted  droughts,  but  are  a  sort  of  light-brown  or 
yellow-ochre  color.  This  is  due  to  the  character  of  the  soil  and  to  the 
extensive  clearing  which  the  watersheds  have  undergone.  The  beds 
of  both  streams  are  sandy  except  where  rock  shoals  occur. 

There  are  four  cotton  mills  in  operation  in  the  Second  Broad  River 
region.  The  motive  jK)wer  of  two  of  them  is  supplied  by  steam  and 
of  the  other  two  by  water.  One  of  the  steam  mills  is  at  Rutherfordton 
and  the  other  at  Forest  City.  The  two  water-power  mills  are  known 
as  Henrietta  No.  1  and  Henrietta  No.  2.  The  former  is  6  miles  above 
the  mouth  of  the  river,  at  High  Shoals,  the  latter  about  7  miles  above 
the  mouth,  at  Caroleen.  Both  factories  are  connected  with  the  Sea- 
board Air  Line  Railroad  by  branch  lines.  Henrietta  mill  No.  2  occu- 
pies the  shoals  formerly  known  as  Harrells  Shoals  and  Old  Burnt 
Factory  Shoals.  A  masonry  dam  about  24  feet  in  height  gives  a  fall 
at  the  wheel  of  29  feet.  The  natural  fall  of  the  shoals  is  18  feet. 
The  mill  contains  35,000  spindles  and  1,000  looms.  At  Henrietta  mill 
No.  1  the  natural  fall  is  23  feet,  but  a  stone  dam,  slightly  curving 
ujHstream,  17.8  feet  high,  gives  a  fall  at  the  wheel  of  32  feet.  This 
dam  is  200  feet  long.  The  race  is  300  feet  long,  35  feet  wide,  and  10 
feet  deep.  The  mill  operates  25,000  spindles  and  1,000  looms.  Both 
factories  have  auxiliary  steam  plants,  and  seem  to  have  been  extremely 
successful  and  profitable  to  their  owners.  The  cotton  used  is  raised 
in  the  immediate  vicinity  and  hauled  to  the  mills  on  wagons.  About 
2  miles  from  the  mouth  of  the  river  the  stream  makes  a  long  curve, 
the  hillsides  closing  in  very  close  to  either  bank.  A  site  has  been 
surveyed  here  for  a  large  mill,  and  land  has  been  cleared  and  con- 
struction begun.  The  natural  fall  between  this  site  and  Henrietta 
mill  No.  1  is  about  40  feet.  A  dam  23  feet  high  is  tiO  be  built.  No 
race  is  to  be  constructed,  but  the  wheels  are  to  be  located  at  the  dam. 
The  fall  below  the  shoals  is  abrupt  for  a  short  distance,  and  the  waste 
water  will  flow  off  readily.  The  building  site  is  fairly  good.  This 
dam  will  destroy  the  water  power  of  Tumbling  Shoals,  3  miles  above 
the  mouth  of  the  river. 

GREEN  RTVER. 

Green  River  rises  in  Henderson  County,  near  the  Transylvania 
County  boundary  line,  on  the  northwestern  slopes  of  the  Saluda  Moun- 
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tains.  The  elevation  of  its  headwaters  is  2,900  feet,  of  its  mouth  780 
feet,  the  difference  in  elevation  being  2,120  feet.  The  total  length  of 
the  river  is  about  45  miles,  making  the  average  fall  per  mile  about  47 
feet.  The  distance  from  its  head  to  the  point  where  it  emerges  from 
the  Blue  Ridge  is  23  miles,  and  the  difference  in  elevation  between 
the  two  points  1,800  feet,  making  the  average  fall  per  mile  in  that 
section  78  feet.  The  length  of  the  remaining  section  is  22  miles  and 
the  difference  in  elevation  320  feet,  making  the  average  fall  per  mile 
only  15  feet.     The  drainage  area  is  198  square  miles. 

Along  the  upper  portion  of  the  river  the  mountain  slopes  shut  in 
very  close,  and  the  timber  on  the  watersheds  is  practically  untouched. 
Consequently  the  flow  of  the  stream  is  constant  and  the  water  always 
clear  and  cold.  The  scenery  up  Green  River  CJove  and  around  Saluda 
while  beautiful  is  not  remarkably  grand.  The  two  most  conspicuous 
mountain  peaks  are  Whiteoak  and  Tryon.  The  latter  has  an  elevation 
of  about  3,200  feet. 

Between  Zirconia  and  the  mouth  of  Cove  Creek  the  river  flows  in  a 
narrow  gorge.  The  water  power  of  this  section  is  excellent,  but 
building  sites  are  scarce.  The  two  water  powers  which  are  consid- 
ered among  the  best  on  the  stream  were  visited.  The  first  of  these, 
the  Pot  Shoals,  is  about  2  miles  below  the  Southern  Railway  bridge. 
The  fall  consists  of  a  drop  of  8  feet  and  a  total  fall  of  possibly  30  feet 
in  100  feet.  There  is  a  fairly  good  site  for  a  building  here  and  excel- 
lent facilities  for  constructing  a  dam.  The  next  power  is  at  The 
Narrows,  about  4  miles  below  the  Pot  Shoals.  Here  the  stream  is 
forced  to  pass  through  a  narrow  and  rocky  channel  7  feet  wide  and 
50  feet  long.  The  fall  is  about  10  feet  in  100  feet.  Building  facilities 
are  poor.  Another  power  on  the  river,  known  as  the  falLs  of  (4reen 
River,  is  not  so  well  located  as  are  the  Pot  Shoals.  Here  "the  fall  is 
about  30  feet  in  100  feet,  preceded  by  rapids  for  three-eighths  of  a 
mile,  making  a  total  fall  of  45  feet.  The  banks  are  rocky  and  very 
steep,  so  that  building  facilities  are  not  good."  On  the  whole,  the 
water  powers  of  Green  River  are  better  than  those  of  the  Upi>er 
Broad,  but  they  are  not  so  accessible,  and  the  building  sites  are  poor. 
The  average  annual  fluctuation  of  the  river  at  its  mouth  is  11  feet; 
near  Saluda  it  is  9  feet. 

The  healthfulness  of  the  Green  River  region  is  unexcelled.  Saluda 
and  Tryon,  situated  on  the  Asheville  and  Spartanburg  division  of  the 
Southern  Railway,  are  popular  summer  and  winter  resorts. 

Great  expectations  are  entertained  of  the  deposits  of  zircon  in  the 
valley  of  Green  River. 

The  side  streams  flowing  into  Green  River  are  mostly  short.,  but 
have  heavy  falls.  Whiteoak  Creek  is  the  only  tributary  of  impor- 
tance. Its  fall,  however,  is  small,  but  it  has  a  very  wide  flood  plain. 
The  bottom  land  is  well  cultivated,  mostly  in  corn.  The  soil  is  loaniy 
and  rich.  The  average  fall  is  about  12  feet  to  the  mile;  the  avenuTP 
annual  fluctuation  10  feet. 
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CATAWBA   RIVER. 
PHYSICAL  FEATURES. 

This  river  rises  near  the  Buncombe  and  McDowell  county  line  in 
North  Carolina,  and  flows  almost  due  east  through  McDowell  and 
Burke  counties  and  between  Alexander  and  Catawba  counties,  where 
it  turns  to  the  south  and  finally  enters  South  Carolina  near  the  Meck- 
lenburg-Gaston-York county  line.  After  a  course  of  about  160  miles 
in  South  Carolina  it  joins  the  Congaree  to  form  the  Santee.  Below 
the  mouth  of  Big  Wateree  Creek  the  river  is  known  as  Wateree  River. 
Its  drainage  area  in  North  Carolina  is  3,085  square  miles.  Its  total 
drainage  area  is  5,225  square  miles. 

The  Catawba  receives  its  headwaters  from  the  southeastern  slopes  of 
the  Blue  Ridge,  the  main  stream  rising  at  the  junction  of  the  latter 
mountains  with  a  spur  known  as  the  Edmondson  Mountains.  At 
Oldfort  the  waters  of  Mill  Creek,  with  its  branch,  Jarrett  Creek,  are 
added  to  the  Catawba,  forming  a  river  of  considerable  size.  The 
drainage  basins  of  these  streams  are  decidedly  mountainous,  with 
steep,  wooded  slopes.  The  streams  are  swift  mountain  torrents,  with 
large  falls  and  great  fluctuations  of  discharge.  The  flow  at  times  of 
low  water,  however,  is  fairly  large.  On  Catawba  River  above  Old- 
fort  there  are  precipices  many  feet  in  height,  over  which  the  river 
plunges  in  its  descent  toward  the  Piedmont  Plain.  (See  PI.  XXXV.) 
In  the  first  6  miles  of  its  course  the  river  falls  1,500  feet.  Below  Old- 
fort  the  character  of  the  drainage  basin  changes,  becoming  very  like 
that  of  the  Yadkin,  described  on  pages  158  to  164.  The  valley  broad- 
ens out,  especially  on  the  south  side  of  the  river,  the  land  immedi- 
ately contiguous  to  the  stream  being  flat  or  gently  rolling.  The  Blue 
Ridge  is  not  far  distant,  however,  extending  to  the  northeast,  with 
frequent  ridges  projecting  toward  the  Catawba,  between  which  flow 
the  numerous  northern  branches  of  the  stream.  The  tributaries  from 
the  north  are  Curtis,  Crib,  Clear,  and  Buck  creeks.  North  Fork, 
Paddy  Creek,  Linville  River,  Cane  Creek,  Upper  Creek,  John  River, 
and  Lower  Creek.  These  streams  for  the  most  part  receive  their 
waters  from  either  the  Blue  Ridge  or  the  Linville  mountains,  and  in 
their  upper  courses  run  between  parallel  ridges  with  steep  slopes 
heavily  wooded.  In  their  lower  courses  they  reach  the  Piedmont 
Plain,  where  the  fall  becomes  less  and  their  valleys  more  open,  being 
generally  cultivated  to  some  extent. 

The  river  receives  several  tributaries  from  the  south  between  the 
source  of  the  stream  and  Morganton.  The  chief  of  these  are  Crooked 
Creek,  Muddy  Creek,  and  Silver  Creek,  meandering,  comparatively 
slow-flowing  streams,  with  a  large  part  of  their  drainage  areas  under 
cultivation. 
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The  reconnaissance  of  the  drainage  basin  of  Catawba  River  extended 
only  from  its  headwaters  to  Morganton,  N.  C,  that  l>eing  the  portion 
of  greatest  interest  in  connection  with  the  studies  of  the  proposed 
Southern  Appalachian  Park.  Below  Morganton  the  river  receives  a 
number  of  large  tributaries  and  has  many  water  powers  in  its  course 
across  the  Piedmont  Plain,  but  they  were  not  visited. 

RAINFALL. 

The  average  rainfall  in  the  basin  of  the  Catawba  is  about  50  inches, 
distributed  as  follows:  Spring,  12  inches;  summer,  14  inches;  antnnin, 
10  inches;  and  winter,  14  inches.  Toward  the  upper  part  of  the 
stream,  however,  the  rainfall  in  winter  increases,  and  is  probably 
greater  than  in  summer. 

FORESTS. 

The  region  of  the  headwaters  of  the  Catawba  and  its  chief  branches, 
which  flow  from  the  steep  slopes  of  the  Blue  Ridge,  is  heavily  for- 
ested. At  the  foot  of  the  mountains  the  timber  consists  of  beech, 
poplar,  linn,  oak,  and  ash,  changing  to  pines  as  the  slopes  are 
ascended,  and  near  the  summits  to  balsam  fir.  In  the  broad  valley  of 
the  main  stream  a  large  part  of  the  land  has  been  cleared  and  is  now 
used  for  agricultural  purposes.  The  soil  is  deep  and  fertile,  the  top  soil 
being  largely  flood  deposits  of  the  river.  When  the  forests  are  cleared 
from  the  bases  of  the  steeper  mountain  slopes  considerable  difficulty 
is  experienced  from  the  washing  away  of  the  top  soil,  leaving  only 
the  barren  subsoil  or  clay  beneath.  This  wash  is  often  so  extensive 
as  to  completely  destroy  large  areas  of  land.  PI.  XXXVI  shows  the 
effect  of  deforesting  areas  which  can  not  properly  be  protected  from 
this  agency. 

The  banks  of  the  Catawba  are  subject  to  overflow  during  the  highest 
floods,  and  great  damage  is  often  caused.  It  is  not  uncommon  for  a 
fine  stretch  of  farming  land  to  be  completely  ruined  in  a  single  day 
by  the  high  waters  washing  away  the  soil  down  to  the  bottom  clays  or 
gravels.  (See  PI.  XXXVII,  A.)  It  has  been  estimated  that  in  the 
drainage  basin  of  the  Catawba  a  single  flood  has  caused  damage  to  the 
extent  of  a  million  dollars.  (See  PI.  XXXVII,  B.)  That  these  floods 
are  checked  to  some  extent  by  the  forests  there  can  be  no  doubt;  and 
in  the  absence  of  other  regulators,  such  as  lakes  or  marshes,  the  for- 
ests on  the  mountain  sides  form  the  only  protection  that  the  people 
dwelling  in  the  valleys  below  have  from  the  violence  of  flood  wmters. 

DISCHARGE  MEASURBHENTS. 

During  the  investigation  temporary  gaging  stations  were  estab- 
lished on  Catawba  River  near  Morganton,  on  John  River  near  Moif^an- 
ton,  and  on  Linville  River  near  Bridgewater.     For  several  years  the 
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Survey  has  maintained  two  stations  on  the  Catawba  River — one  at 
Catawba,  N.  C,  and  the  other  at  Rockhill,  S.  C. — the  results  of  which 
have  been  published  in  the  annual  reports.  The  results  of  all  measure- 
ments made  on  the  river  during  the  investigation  are  contained  in  the 
following  table;  the  results  of  measurements  on  the  tributaries  in  the 
table  on  pages  151  and  152. 

Discharge  measurements  of  Catawba  River, 


Date. 


Locality. 


1900. 
Feb.  21 
Feb.  22 
Apr.  13 
Apr.  21 
May  21 
July  4 
Aug.  16 
Oct.  26 

1901. 
Apr.   4 
Apr.  23 
May  23 
July  20 

1900. 
July    3 
Aug.  14 
Nov.   7 
I>ec.  18 

1901. 
Mar.  29 
Apr.  27 
July  25 

1900. 
June  13 
June  18 
Jnly  6 
Ang.  8 
Sept.  24 
Nov.  7 
Jane  28 
Aag.20 
Sept.  20 


Rockhill,  S.C. 

do 

.....do 

do 

....do 

....do 

.....do 

...do 


....do 
....do 

do 

....do 


Catawba.  N.C. 

do 

do 

do 


.do 
do 
do 


Near  Morganton,  N.  C. 
do 


do 

do 

do 

do 

Oldfort.N.C 

do 

....do 


Hydrographer. 


E.  W.  Myers 

....do 

do 

...do 

do 

do 

...-do 

do 


.do 

.do 

do 

.do 


.do 

do 

.do 

.do 


N.C.  Curtis. 
E.W.Myers 
do,.'. 


H.  A.  Pressey 
N.C.  Curtis.. 
do 


Gage 
height. 

Dis- 

charge. 

Feet. 

Sec-feet. 
8,808 

2.08 

5.28 

16,791 

2.75 

4.708 

9.07 

81,610 

2.42 

3,708 

2.86 

5,623 

1.70 

1,936 

3.30 

8,843 

9.80 

83,150 

4.65 

10,314 

>24.15 

160,783 

2.00 

3,822 

3.45 

3.372 

2.10 

914 

2.95 

2,083 

2.59 

2,139 

5.83 

5,640 

4.37 

4.354 

2.95 

2,805 

1.33 

1,393 

2.60 

4,030 

1.30 

1,164 

0.60 

558 

0.50 

625 

1.50 

1,374 

10.10 

53 

12.70 

11 

12.78 

12 

■Greatest  flood  ever  known  on  river. 

NoTS.— At  regular  stations  of  the  Geological  Survey  gages  are  installed  by  which  the  ri.%  of 
the  river  is  measured,  an  increase  in  the  gage  height  reprraenting  an  increase  in  the  discharge 
of  the  stream.  This  is  true  of  all  the  measurements  in  the  above  table  except  those  made  at 
Oldf  ort,  where  a  bench  mark  was  established  and  measurements  were  made,  by  means  of  a  steel 
tape,  of  the  distance  from  the  bench  mark  to  the  surface  of  the  water.  In  the  latter  case,  there- 
fore, an  increase  in  the  gage  height  means  a  lowering  of  the  water  surface  and  a  corresponding 
decrease  in  the  discharge  of  the  stream. 

The  following  table,  computed  by  E.  W.  Myers,  shows  the  compar- 
ative minimum  flows  of  Catawba  River  at  the  Catawba  and  Rockhill 
stations,  which  are  about  60  miles  apart,  for  the  years  1895  to  1899. 
The  drainage  area  at  Catawba  is  1,535  square  miles  and  at  Rockhill 
2,987  square  miles.  Comparing  this  table  with  a  similar  one  for 
Yadkin  River,  published  in  Water-Supply  Paper  No.  36,  page  119,  it 
will  be  seen  that  the  run-off  per  square  mile  does  not  vary  more  than 
would  be  expected.  The  Catawba  station  was  established  in  1896, 
the  Rockhill  station  in  1895. 
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Table  showing  comparative  minimum  flows  of  Catawba  EUver  at  gaging  stations 

at  Catawba,  N,  C,  and  at  BockhiU,  S.  C. 


Year. 


1806 
1896 
1807 
1806 
1800 


Driest  month. 

Mean  flow  for 
driest  mouth. 

Mean  flow  jser 

square  mue 

for  driest 

mouth. 

Minimum  flow 
for  year. 

Rock- 
hilL 

Cataw- 
ba. 

Rock- 
hill. 

Cataw- 
ba. 

Rock- 
hllL 

Cataw- 
ba. 

Rock- 
hilL 

Cataw- 
ba. 

Sent*  .. 

Sec'/t. 
1,318 
1,604 
1.817 
2,001 
2,482 

Sec-ft, 

"'886' 
1,017 
1,060 
1.840 

Sec'ft. 
0.441 
.64 
.61 
.TO 
.835 

SeC'ft. 

"o'sa" 

.66 
.60 
.873 

Secjft. 

bl,»IK) 

c  1,575 

1.600 

2.300 

Sea/t 

"m 

d8&0 

010 

1,280 

1    1    ■  -1 

Oct 

Sept.... 
Jnne... 
Not.... 

Mtnimnin  flow 

per  square 

mile  for  the 

year. 

Rock-  Cataw- 
hni.    .     ba. 


Stec.-ft.  See^'ft. 

.445  I  "6.501 
.686  I        .553 

.535 '      .ae 

.770  .783 


»■  Seven  days^  record. 

b  Also  in  July,  August,  and  September. 

c  Minimum  occurred  in  January.  September  minimum  was  1,700  second-feet^  or  01560  aecond- 
f  oot  per  square  mile. 

dMinimom  in  October.  September  minimum  000  second-feet,  or  0.570  second-foot  per  square 
mile. 


WATER  POWERS. 


Between  Morganton  and  the  month  of  Mill  Creek,  a  distance  of  50 
miles,  there  are  197  shoals  with  an  average  fall  of  about  2  feet.  In 
McDowell  County  the  fall  of  the  river  is  very  great,  there  being  in 
one  or  two  cases  vertical  drops  of  100  feet,  but  the  channel  is  so  nar- 
row that  the  power  is  not  of  great  value  for  development.  Rock  Ford 
Shoal,  at  Morganton,  has  a  natural  fall  of  9^^  feet  in  a  distance  of 
about  1,500  feet. 

Although  the  investigation  embraced  only  the  portion  of  the  drain- 
age basin  above  Morganton,  as  some  of  the  chief  water  powers  of  the 
river  are  below  that  place  they  will  be  mentioned  in  this  connection. 
Briefly  described,  they  are  as  follows; 

Devil  Shoal  has  a  fall  of  14  feet  in  a  distance  of  1  mile,  and  is  well 
located  for  improvement.  Horseford  Shoal,  3  miles  north  of  Hickory, 
has  a  fall  of  81  feet  in  2.9  miles;  the  power  is  utilized  to  only  a  limited 
extent.  The  Great  Fall  Shoals  have  a  fall  of  14.8  feet  in  a  distance 
of  1  mile.  Canoe  Landing  Shoal,  about  2  miles  above  the  mouth 
of  Lower  Little  River,  has  a  fall  of  8.9  feet  in  a  distance  of  1.87  miles. 
The  Lower  Little  River  Shoals  are  between  the  upper  end  of  Drain 
Island  and  the  lower  end  of  Three-Cornered  Island,  with  a  fall  of  9.7 
feet  in  a  distance  of  1.16  miles.  Lookout  Shoal,  about  6  miles  above 
Catawba  Station,  has  the  greatest  fall  of  any  shoal  on  the  river  in 
North  Carolina,  the  descent  being  54.25  feet  in  a  distance  of  3.2  mile^. 
About  30  feet  of  this  fall  is  said  to  occur  in  a  distance  of  three-fourths 
of  a  mile.  The  Buffalo  Shoals  have  a  fall  of  11.4  feet  in  a  little  more 
than  a  half  mile;  they  are  a  short  distance  below  the  Western  North 
Carolina  Railroad  crossing.  Long  Island  Shoal,  about  7  miles  south- 
east of  Catawba  Station,  has  been  improved  and  a  cotton  fact-ory 
constructed  to  utilize  the  power.  Monbo  Shoal  is  utilized  by  a  cotton 
mill.     Beatties  Ford  Shoal  has  a  fall  of  13  feet  in  2.38  miles,  and 
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Cowan  Ford  Shoal  a  fall  of  27  feet  in  a  distance  of  4.17  miles.  Moun- 
tain Island  Shoal  is  utilized  to  a  small  extent  by  a  cotton  factory 
containing?  6,300  spindles  and  using  a  fall  of  22.5  feet.  Tuckasegee 
Shoal,  about  9  miles  above  the  State  line,  has  a  natural  fall  of  11  feet 
in  a  distance  of  1  mile,  and  is  utilized  by  a  cotton  mill  of  6,000  spin- 
dles. Near  the  State  line  there  are  several  shoals  with  falls  of  from 
3  to  5  feet,  some  of  which  have  been  used  to  a  limited  extent,  but 
considerable  difficulty  has  been  experienced  from  high  water. 

TRIBUTARIES  OF  CATAWBA  RIVER. 
DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  following  measurements  were  made  of 
the  important  tributaries  of  the  Catawba  above  Morganton,  N.  C,  in 
order  downstream: 

Discharge  measurements  of  tributaries  of  Catawba  River, 


Date. 


Stream. 


1900. 
June  28 
AuiT.iW 
Sept.  30 
Jane  28 

Du... 

Aug.  20 
June  28 

Anfir.28 
June  28 

Aufir-28 
Jane  14 

Au^r-ao 

July    3 

Aug.  18 
Sept.  21 
June  15 
June2(S 
June  14 
June  16 
July  10 
Auff.  17 
Sept.  21 
June  14 
June  16 
July  10 
Aug.  17 
June  21 
JuneS4 
June  14 
July  3 
July  10 
Aug.  17 
Sept  21 
June  14 

June  18 
Aug.  17  : 
June  14 
Aug.  10  . 
Sept.  24  ' 

1901. 
June  14 


Mill  Creek.... 

do 

do 

Jarrett  Creek 
Curtis  Creek. . 


do 

Crib  Creek... 

do 

Clear  Creek.. 

do 

Buck  Creek.. 


Ca- 


do.. 

North  Fork  of 
tawba  River. 

do 

do 

Turkey  Cove  Creek. 

do 

Muddy  Creek 

do 

do 

do 

do 

Paddy  Creek 

do 

do 

do 

Lin  ville  River 

do 


...    do 

do 

....do 

do 

do 

Cane  Creek 


Locality. 


do 

do 

Silver  Creek. 

do 

do 


Oldfort  

do 

.....do 

Near  Oldfort 

200  feet  above  ford  of  Oldfort 

road. 

do 

Near  ford  of  main  road 

do 

200  feet  above  ford  of  main 

road. 

...do 

i  mile  above  mouth,  at  main 

ford. 

do 

First  ford  above  mouth 


Hydrographer. 


H.  A.  Pressey 
N.C.Curtis.. 

do 

H.  A.  Pressey 
do » 


do 
do 


.do 


Just  above  second  ford 

do 

Bridgewater 

do 

do 

.-..do 

do 

Near  Bridgewater 

.-  ..do. 

do 

do 

LinviUe 

do  

Near  Bridgewater 

do 

do 

do 

do. 

Lowest  ford  of  main  Morgan- 
ton  road. 

do 

do 

Near  Morganton 

do 

do 


do 


N.C.Curtis.. 
H.  A.  Pressey 
N.C.Curtis.. 
H.  A.  Pressey 

N.C.Curtis.. 
H.  A.  Pressey 

N.C.Curtis.. 
H.  A.  Pressey 

N.C.  Curtis.. 

do 

L.V.Branch. 

do 

H.  A.  Pressey 
L.V.  Branch. 

do.. 

N.C.Curtis.. 

do 

H.  A.  Pressey 
L.V.Branch. 

do 

N.C.Curtis.. 

H.  A.  Pressey 

do 


H.  A.  Pressey 

L.V.  Branch. 
N.C.Curtis.. 
L.V.Branch. 
N.C.Curtis.. 
do 


E.W.Myers 13.08 


Gage 
leighl 


e  I    Dis- 
height.  charga 


Feet 
8.85 
6.r3 


4.9 


5.35 


3.18 

5.75 

5.30 

5.80 

4.1 

6.0 

6.43 

6.34 

11.3 

5.4 

11.55 

12.35 

14.83 

14.23 

9.92 

9.54 

9.90 

10.15 

9.8 

5.72 

5.85 

6.3 

6.84 

8.30 

8.20 


SeC'ft 
86.0 
27.0 
13.0 
17.0 
82.11 

16.50 
28.08 
10.0 
25.25 

,    12.0 
51.91 

4L4 
240.2 

67.3 
61.69 
21.48 
164.8 
161.9 
618.0 
119.2 
98.6 
101.7 
19.78 
203.67 
11.5 
7.0 
2L0 
90.22 
104.0 
216.0 
116.0 
78.0 
55.0 
18.68 

28.45 

7.2 

124.0 

48.4 

56.0 


995.0 
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Discharge  meaauremenU  of  trOmtaries  of  Catawba  River — Gontiimed. 


Date. 


1900. 
Jane  13 
July  6 
Auk.  8 
Sept.  24 
Jane  20 

Do.. 

Do.. 


Stream. 


Upper  Creek 
do 


Sept.  25 
Nov.  6 
Jane  18 
Jane  19 
Jaly  6 
Aag.  8 
Sept.  24 
Nov.  7 
Sept.  26 
N<Jv.  6 
Do... 
Jane 18 
July  6 
Aag.  8 
Sept.  24 


do 

do 

do 

do 

Steel  Creek. 


Locality. 


John  River 

do 

do 

do 

do 

do 

do 

do 

Malberry  Creek. 

do 

Wilson  Creek... . 

Lower  Creek 

....do 

....do 

....do  


i  mile  alfove  moath 

do 

do 

do 

Ford  at  Henderson's  mill 

Upper  Creek  Falls 

Footbridge  100  yards  above 
month. 

CoUettsville 

do 

Near  Morganton 

do 

do 

do 

do 

do 

At  mouth 

do 

---do 

2  miles  above  mouth 

...do 

....do 

....do 


Hydrographer. 


N.C.  Curtis.. 
L.  y.  Branch. 
N.C.  Curtis.. 

do 

H.A.Pre8Bey 

do 

.....do 


N.  C.  Curtis. 
do 


N.C.  Curtis. 

do 

do 

B.  W.  Myers . 
L.V.  Branch 
N.C.Curtis. 
.....do 


Oace 
Lelgnt 


hej 


Dis- 


2.2 
2.3 


12.9 


3.20 

4.77 
4.47 
2.64 
8.50 
2.68 
1.90 
1.90 
2.32 
7.85 
7.95 
0.75 
14.58 


15.38 


Sec-fL 
182.4 
a0.0 
85.05 
00.0 

am^ 

27.0 
100.21 

4ao 

135.0 
465lO 
1,202.0 
51L0 
ISSlO 
148.0 

as7.o 

17.0 

39.0 

806.0 

auo.o 

132.0 
60.0 
56.0 


Note.— At  regular  stations  of  the  Qeological  Survey  gages  are  installed  by  which  the  rise  of 
the  river  is  measured^  an  increase  in  the  gage  height  representing  an  increase  in  the  discharge 
of  the  stream.  This  is  true  pf  the  measurements  in  above  table  of  John  River  near  Morganton 
and  of  Linville  River  near  Bridge  water.  In  making  all  of  the  other  measurements,  however,  in 
each  case  a  bench  mark  was  established  and  measurements  were  made,  by  means  of  a  steel  tape, 
of  the  distance  fiom  the  bench  mark  to  the  surface  of  the  water.  In  these  cases,  therefore,  an 
increase  in  the  gage  height  means  a  lowering  of  the  water  surface  and  a  corresponding  decrease 
in  the  discharge  of  the  stream. 

The  principal  tributary  drainage  basins  and  water  powers  are  briefly 
described  on  the  following  pages. 

CENTER,  CRIB,  AND  CLEAR  CREEKS. 

Of  the  tributaries  from  the  north,  Center,  Crib,  and  Clear  creeks 
have  drainage  areas  of  a  similar  character.  There  is  considerable  fall 
near  their  sources,  which  gradually  becomes  less  as  the  streams  are 
descended,  the  valleys  broadening  out  and  being  partially  cultivated. 
About  three-fourths  of  the  drainage  areas  are  forest-covered.  The 
streams  are  too  small  for  extensive  water-power  development,  but 
two  small  gristmills  have  been  built  on  Crib  Creek.  The  low-water 
flow  of  the  stream  is  so  small,  however,  that  the  mill  can  not  be  run 
during  the  dry  season. 

BUCK  CREEK. 

This  creek  rises  in  Buck  Creek  Gap,  and  has  a  drainage  basin 
similar  to  the  creeks  just  described,  though  much  larger.  The  fall 
is  very  great  along  its  upper  course.  Six  miles  from  its  mouth  are 
the  falls  of  Buck  Creek,  with  a  vertical  drop  of  12  feet.  A  rough 
and  rocky  highway,  leading  from  Marion  through  Yancey  County, 
follows  the  stream  throughout  its  course.  The  scenery  near  the  gap 
is  very  fine.  Two  mills  have  been  constructed,  and  are  run  during 
a  part  of  the  year.     Near  the  mouth  of  the  creek  there  are  some 
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good  farms.  About  a  quarter  of  a  mile  above  the  mouth  the  Marion- 
Oldf ort  road  crosses  the  creek.  Here  measurements  were  made  of  the 
discharge  (see  table  on  page  151). 

NORTH  FORK  OF  CATAWBA  RIVER. 

This  stream  enters  the  Catawba  near  Marion.  At  its  headwaters  it 
is  a  mountain  stream  with  very  heavy  fall,  draining  the  narrow  valley 
between  the  Blue  Ridge  and  the  Linville  mountains.  The  mountain 
slopes  are  covered  with  a  valuable  growth  of  timber,  practically  no 
cutting  having  been  done  on  them.  About  7  miles  downstream  the 
valley  broadens  slightly  and  furnishes  a  very  fertile  soil  excellent  for 
agricultural  purposes.  This  valley  land  has  been  cleared  and  is  now 
largely  in  grain  or  grass.  Abbat  three-fourths  of  the  drainage  area 
is  still  in  forest.  Two  small  combined  gristmills  and  sawmills  have 
been  built  on  the  stream,  with  falls  of  6  and  8  feet.  Turkey  Cove 
Creek,  a  branch  of  the  North  Fork,  is  a  mountain  stream  of  consider- 
able fall,  with  wooded  slopes.  The  total  drainage  area  of  the  North 
Fork  is  835  square  miles. 

PADDY  CREEK. 

This  creek  has  the  same  general  characteristics  as  the  other  north- 
ern tributaries  of  the  Catawba  in  the  region.  Its  headwaters  are  on 
the  steep  slopes  of  the  Linville  Mountains,  and  its  lower  course  is 
across  the  Catawba  Valley.  Its  watershed  is  long  and  narrow,  being 
close  to  Linville  River  on  one  side  and  flowing  nearly  parallel  to  the 
Catawba  on  the  other. 

LINVILLE  RIVER. 

This  river  is  formed  by  a  number  of  small  streams  which  head  on 
Grandfather  and  Sugar  mountains  and  in  Linville  Gap.  The  sources 
of  most  of  the  streams  are  large  springs,  which  are  numerous  through- 
out the  region,  furnishing  perfectly  clear  and  chemically  pure  water. 
Grandfather  Mountain  has  an  elevation  of  5,964  feet;  the  heads  of 
most  of  the  streams  rising  upon  its  slopes  are  at  an  elevation  of  5,000 
feet.  The  elevation  of  Sugar  Mountain  is  5,289  feet,  while  Linville 
Gap,  between  these  two  high  peaks,  has  an  elevation  of  4,097  feet. 
Four  miles  south  of  Grandfather  Mountain  is  Grandmother  Mountain, 
elevation  4,686  feet,  upon  which  rises  Grandmother  Creek,  which  flows 
into  Linville  River  1  mile  below  the  village  of  Linville. 

The  mountain  slopes  are  steep  and  rocky,  the  small  streams  falling 
in  a  series  of  cascades.  The  virgin  growth  of  timber  is  still  on  the 
mountain  sides  and  extends  to  the  summits,  practically  no  cutting 
having  been  done.  Three  miles  below  Linville,  at  Pineola,  there  is  a 
healthy  growth  of  white  pine,  but  from  Linville  upstream  the  river 
is  above  the  white-pine  belt,  the  growth  changing  to  spruce,  chestnut^ 
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white  and  red  oak,  poplar,  linn,  ashy  buckeye,  birch,  beech,  cherry, 
and,  on  the  highest  elevations,  balsam  fir.  The  temperature  is  usually 
low,  frosts  having  been  known  to  occur  in  each  month  of  the  year. 

Below  Grandmother  Creek  the  river  has  no  tributaries  of  any  size. 
From  Grandfather  Mountain  to  Linville  Falls  its  valley  is  narrow,  the 
land  on  both  banks  rising  abruptly  to  the  mountain  summits,  permit- 
ting only  short  tributaries  and  a  narrow  drainage  area.  Linville,  a 
village  of  about  thirteen  houses  and  a  summer  hotel,  is  between  the 
river  and  Grandmother  Creek,  on  a  comparatively  flat  area,  and  Pine- 
da, 3  miles  below,  a  village  built  up  largely  during  1900,  occupies 
another  flat  section. 

The  falls  of  the  Linville,  located  near  the  Mitchell-Caldwell-McDow- 
ell  County  line,  have  an  aggregate  fall  of  90  feet  in  four  clear  leaps. 
The  first  fall  is  50  feet  upstream  from  the  main  fall,  and  is  a  vertical 
drop  of  15  feet.  There  are  then  three  drops  in  quick  succession  of  25, 
10,  and  40  feet,  respectively.  The  water  at  the  last  drop  (see  PL 
XXXYIIl)  falls  in  one  sheet  into  a  still  pool,  from  which  it  flows 
through  a  narrow  gorge  10  miles  long  between  Gingercake  Mountain, 
Hawks  Bill,  Table  Rock,  and  Shortoff  Mountain  on  the  east  and  the 
Linville  Mountains  on  the  west.  ^Fhe  walls  of  this  goi^  are  precip- 
itous, in  many  places  almost  vertical,  and  rise  to  heights  of  from 
500  to  2,000  feet.  Through  it  the  Linville  has  no  tributaries,  receiv- 
ing only  the  water  which  falls  on  the  steep  slopes  and  the  flow 
from  the  springs  on  the  mountain  sides.  It  may  well  be  considered 
one  of  the  greatest  mountain  features  of  the  region.  The  high  and 
rocky  walls  are  so  close  to  the  river  that  there  is  no  space  for  high- 
way or  railroad.  In  fact  it  is  with  the  greatest  difficulty  that  one  can 
make  his  way  through  the  chasm,  jumping  from  rock  to  rock,  cling- 
ing to  rocky  ledges,  and  in  places  where  no  foothold  is  offered  on 
either  side  wading  the  stream.  The  scene  is  grand  and  inspiring, 
viewed  either  from  the  chasm,  where  immense  vertical  rocky  cliffs 
rise  on  either  hand,  showing  nothing  beyond  but  the  blue  sky,  or  from 
the  upper  edge  of  the  gorge,  where  one  can  look  vertically  down  sev- 
eral hundred  feet  and  see  the  rapid,  sinuous  stream  cutting  its  way  to 
the  valley  below. 

At  Linville  Falls,  at  the  upper  end  of  the  chasm,  the  drainage 
basin  of  the  main  stream  and  its  tributaries  has  an  area  of  50  square 
miles.  The  next  10  miles  of  the  course  of  the  river  is  through  the 
gorge.  After  emerging  from  the  rocky  walls  of  the  chasm  it  flows  for 
8  or  9  miles  as  a  comparatively  quiet  stream  through  Birch  Bottom 
and  Catawba  Valley,  finally  joining  its  waters  to  Catawba  River. 

At  Linville  records  of  rainfall  have  been  kept  by  the  United  States 
Weather  Bureau  for  nearly  eight  years.  These  records  show  that  the 
annual  precipitation  is  about  46  inches,  distributed  as  follows:  Spring, 
11.50  inches;  summer,  13.50  inches;  autumn,  9.50  inches;  and  winter, 
11.50  inches.     The  climate  is  pleasant  and  very  healthful,  so  that 
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numerous  summer  visitors  take  advantage  of  the  excellent  hotel 
accommodations  at  Linville,  at  the  foot  of  Grandfather  Mountain. 

There  are  opportunities  for  development  of  water  power  on  the  Lin- 
ville  and  its  tributaries.  On  Grandmother  Creek  the  Linville  Improve- 
ment Company  has  built  a  timber-crib  dam  across  the  stream  near 
its  mouth,  to  form  a  fish  and  ice  pond.  The  dam  is  20  feet  high,  but 
its  height  could  be  increased  and  a  small  water-power  plant  installed. 
There  is  another  site  farther  up  the  creek  where  a  fall  of  15  or  20  feet 
could  be  developed. 

At  Linville  Fails,  on  the  main  stream,  at  the  head  of  the  gorge, 
considerable  power  could  be  developed,  though  the  chasm  is  so  narrow 
that  there  would  be  difficulty  in  finding  space  for  buildings.  From 
Linville  Falls  to  the  point  where  the  river  enters  the  flat  plain  of  the 
Catawba  Valley  the  fall  of  the  river  is  large,  with  frequent  drops  of 
3  or  4  feet.  About  2  miles  below  Linville  Falls,  near  Bynums  Bluflf, 
there  is  a  fall  of  5  feet,  and  1^  miles  farther  down  is  what  is  known  as 
Cascade  Rock,  where  the  river  falls  vertically  12  feet.  From  the  foot 
of  the  falls  to  the  Catawba  Valley  the  fall  of  the  river  is  about 
1,800  feet.  None  of  the  power  in  the  gorge  or  at  the  falls  has  been 
developed. 

There  are  several  small  mills  on  the  river.  One  mile  above  Linville 
there  is  a  small  sawmill  and  gristmill  with  an  8-foot  timber  dam,  which 
has  sufficient  water  to  run  throughout  the  year.  Two  miles  above 
Linville  Falls,  at  the  mouth  of  Camp  Creek,  there  is  a  sawmill  and 
gristmill  utilizing  an  8-foot  fall,  and  1  mile  above  the  falls  there  is  a 
sawmill  with  a  timber  dam  10  feet  high,  a  46-inch  turbine  being  used 
to  run  a  circular  saw.  At  the  Franklin  mill,  a  half  mile  above  the 
falls.  Pine  Creek  has  a  10-foot  fall,  and  power  is  furnished  by  over- 
shot wheels  and  turbines.  About  4  miles  above  the  mouth  of  the 
river,  at  Berry's  mill,  an  11-foot  head  is  utilized  with  a  4- foot  home- 
made wheel,  and  3^  miles  lower  down,  at  Pool's  mill,  a  9-foot  fall  is 
utilized  for  a  gristmill  run  by  a  20-inch  and  a  36-inch  wheel.  On  July 
3,  1900,  a  gage  was  established  at  the  latter  mill,  and  the  miller  reads 
the  height  of  the  river  every  day.  Measurements  of  flow  have  also 
been  made,  the  results  of  which  are  given  in  the  table  on  page  151. 

In  ordinary  years  the  river  has  a  fluctuation  of  about  8  feet  at  Pool's 
mill,  though  on  September  6  and  7,  1898,  the  water  rose  18  feet  in 
forty-eight  hours.  This  is  the  highest  stage  known,  but  in  1882  there 
was  a  rise  of  about  17  feet. 

CANE   CREEK. 

Cane  Creek,  flowing  into  the  Catawba  from  the  north,  drains  16 
square  miles  of  comparatively  flat  and  open  country,  much  of  which 
is  under  cultivation.  There  is  very  little  fall  in  this  stream.  The 
measurements  made  are  given  in  the  table  on  page  151. 
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UPPER  CREEK. 

This  stream,  the  next  important  tributary  of  the  Catawba  from  the 
north,  rises  on  Jonas  Ridf>:e  and  Cranberry,  Cold,  and  Park  moun- 
tains, at  an  elevation  of  about  4,000  feet.  The  sides  of  these  moun- 
tains are  for  the  most  part  steep  and  precipitous  and  are  covered  ¥rith 
a  dense  forest  growth.  The  most  common  trees  are  chestnut,  oak, 
white  pine,  and  poplar.  Very  little  of  the  original  timber  has  been 
cut,  though  fires  have  spread  over  considerable  areas,  seriously  injur- 
ing the  forests.  As  the  fires,  however,  were  widely  separated,  both 
in  time  and  in  area,  the  drainage  basin  near  the  headwaters  of  the 
stream  is  almost  entirely  forest  covered,  either  with  the  original  timber 
or  with  a  younger  forest  growth. 

A  large  part  of  the  regular  flow  of  the  creek  is  made  up  of  effluents 
from  springs,  which  are  numerous  on  the  mountain  slopes.  To  this 
flow,  however,  is  added  the  surface  drainage  from  the  mountain  sides, 
which  in  the  upper  part  of  t£e  creek  i*eaches  the  stream  quicklj',  so 
that  during  a  rain  the  creek  rises  rapidly  and  falls  soon  after  the  rain 
ceases. 

Throughout  this  and  the  neighboring  watersheds  will  be  found 
shady  ravines,  with  sprin^gs  breaking  forth  and  adding  their  waters 
to  other  springs  until  a  considerable  stream  is  formed  ¥rith  a  com- 
paratively constant  flow.  The  Piedmont  Springs,  9  miles  from  the 
source  of  Upper  Creek,  have  been  celebrated  for  thirty  years,  and 
formerly  many  people  from  the  Southern  States  visited  them  as  a  sum- 
mer resort,  being  accommodated  in  a  large  hotel  close  at  hand.  The 
springs  are  charged  with  iron  and  soda.  Though  still  flowing,  they 
are  not  now  much  visited  and  the  hotel  has  fallen  into  decay.  About 
2i  miles  from  the  source  of  Upper  Creek  is  Cold  Water  Spring,  where 
a  hotel  has  recently  been  built  to  accommodate  summer  visitors. 

The  fall  of  Upper  Creek  and  its  tributaries  is  very  great  from  the 
headwatera  down  to  Piedmont  Springs.  The  two  forks  of  the  creek 
have  a  fall  of  250  feet  per  mile  to  their  junction.  In  the  next  mile 
there  is  a  fall  of  1,000  feet,  largely  made  up  of  a  series  of  small 
falls  of  from  5  to  10  feet.  About  one-fourth  of  a  mile  below  the  Cold 
Spring  hotel  there  is  a  single  fall  of  90  feet.  On  June  20,  1900,  the 
stream  was  measured  a  few  feet  above  these  falls,  and  the  quantity 
flowing  was  found  to  be  27  second-feet.  The  low-water  flow  is  prob- 
ably about  two-thirds  that  amount.  The  walls  here  are  steep  and 
rocky,  with  good  natural  abutments  for  a  dam,  though  the  fall  is  so 
great  that  the  storage  capacity  would  not  be  very  large.  About  three- 
fourths  of  a  mile  above  these  falls  there  is  a  combined  shingle  miU, 
sawmill,  and  gristmill.  An  8-foot  dam  has  been  built  across  the 
stream,  giving  an  18-foot  head  on  the  wheel — ^a  Smith-Morgan  turbine. 
A  half  mile  farther  down  there  is  another  small  sawmill  and  gristmill. 
Between  the  main  falls  of  Upper  Creek  and  the  gristmill  there  is  a  fall 
of  at  least  200  feet  in  a  distance  of  three-fourths  of  a  mile. 
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The  low-water  flow  of  the  creek  is  quite  large,  owing  to  the  many 
springs  in  its  watershed  and  to  its  forested  basin.  From  Jonas  Ridge 
down  to  Joy  the  drainage  area  is  completely  covered  with  forest  from 
the  river  bank  to  the  summits  of  the  mountains.  The  most  common 
trees  are  chestnut-oak,  white  pine,  and  poplar.  At  Joy  there  is  a 
small  gristmill  with  a  6-foot  timber  dam,  and  a  half  mile  below  there 
is  a  gristmill  and  sawmill  with  a  flow  of  about  8  feet  over  a  timber  dam, 
two  36-inch  turbines  furnishing  the  i)ower.  There  is  another  grist- 
mill on  Upper  Creek  near  the  mouth  of  Irish  Creek.  From  Joy  to  the 
mouth  of  Upper  Creek  the  valley  is  wider  and  the  hills  bordering 
the  watershed  are  comparatively  low  and  flat,  rising  on  either  side 
about  100  feet  above  the  stream.  The  hillsides  are  largely  covered  with 
forests,  the  growth  extending  to  the  banks  of  the  creek.  There  are, 
however,  open  cultivated  areas  through  the  valley,  the  chief  crops 
being  corn  and  wheat.  It  is  probable  that  two-thirds  of  the  total 
drainage  area  of  Upper  Creek  is  forested. 

Below  Joy  there  are  two  mills — Turner's  and  Wakefield's.  In  the 
next  mile  there  is  a  fall  of  about  25  feet,  the  ordinary  high-water  rise 
above  the  present  stage  being  about  7  feet.  Turner's  mill  is  a  grist- 
mill and  sawmill  with  a  fall  of  about  8  feet,  two  36-inch  Smith-Morgan 
turbines  being  used.  The  7-foot  dam  backs  the  water  about  a  quarter 
of  a  mile.  At  lowest  stages  the  water  is  about  6  inches  lower  than  at 
the  time  of  measurement,  when  the  discharge  was  20.42  second -feet. 
In  1898  there  was  unusually  high  water,  the  stream  rising  16  feet. 
Three  miles  below  Turner's  mill  is  Caldwell's  gristmill,  owned  by  Mrs. 
W.  C.  Anderson.  There  is  a  fall  of  7i  feet  here  and  backwater  for  1 
mile.  There  i&  said  to  be  14  horsepower  available  with  one  Smith- 
Morgan  turbine  20  inches  in  diameter.  At  lowest  stages  the  stream  at 
this  point  falls  about  4  inches  below  the  surface  elevation  at  the  time 
of  measurement,  and  at  such  times  it  has  about  one-third  less  flow. 
During  high-water  periods  the  rise  is  about  6  feet.  The  highest  water 
known  was  about  12  feet  above  the  surface  elevation  at  the  time  of 
measurement. 

Sted  Creek, — This  tributary  of  Upper  Creek,  which  rises  on  Hawks 
Bill  and  neighboring  mountains,  enters  the  latter  creek  near  Joy.  Its 
drainage  area  has  the  same  general  characteristics  as  that  of  the  upper 
part  of  Upper  Creek,  and  its  fall  will  average  530  feet  i)er  mile  for  the 
first  3  miles,  200  feet  per  mile  for  the  next  2  miles,  and  50  feet  x>er  mile 
the  rest  of  the  way. 

JOHN  RIVER. 

John  River,  the  largest  tributary  of  the  Catawba,  adds  its  wat«r  to 
the  latter  stream  about  3  miles  northeast  of  Morganton.  Its  drainage 
area  contains  213  square  miles  and  is  extremely  rough  and  mountain- 
ous in  its  upper  part,  the  topography  becoming  gradually  more  gentle 
as  the  river  is  descended.     It  receives  its  headwaters  from  the  many 
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fine,  large  springs  and  the  run-off  on  Grandfather  Mountain  and  the 
other  mountains  in  the  region  near  Blowing  Rock. 

This  drainage  basin,  with  its  fine  views,  its  dense  forests,  its  numer- 
ous springs,  and  its  salubrious  climate,  is  one  of  the  most  beautiful 
and  delightful  parts  of  the  Southern  Appalachian  region.  The  many 
summer  guests  at  the  hotels  at  Blowing  Rock  and  Linville  are  well 
repaid  for  their  visit  by  a  day  spent  on  the  summit  of  Grandfather 
Mountain,  from  which  is  obtained  a  most  magnificent  view  of  the  great 
billowy  sea  of  mountains  stretching  away  from  it  in  every  direction. 
A  ride  over  the  Yonahlossee  road,  {he  finest  mountain  road  in  the 
South,  with  its  frequent  glimpses  of  river  valleys  and  mountain  jieaks 
beyond,  with  its  numerous  little  streams  which  dash  down  the  moun- 
tain sides,  cross  the  road,  and  leap  from  rock  to  rock  in  their  descent 
to  join  John  River  or  one  of  their  tributaries  far  below,  is  a  pleasure 
to  be  long  remembered. 

The  main  stream  and  its  upper  tributaries,  chief  among  which  are 
Mulberry  and  Wilson  creeks,  have  falls  of  2,000  or  3,000  feet  in  the 
first  few  miles  of  their  courses.  Vertical  falls  are  frequent,  especially 
on  Wilson  Creek,  and  considerable  jwwer  could  be  developed.  Above 
Collettsville,  at  the  junction  of  Mulberry  Creek  with  John  River,  the 
drainage  area  is  rough,  the  valley  narrow,  and  the  mountain  slope.s 
steep  and  well  timbered.  Below  the  junction  the  valley  widens  con- 
siderably, and  where  cleared  of  trees  it  presents  a  splendid  farming 
country.  There  are  great  tracts,  however,  which  are  still  in  timber. 
On  the  ridge  tx>  the  west  of  the  river  there  has  been  considerable 
prospecting  for  gold,  and  a  plan  has  been  considered  of  constructing 
a  flume  to  carry  water  from  Wilson  Creek  across  John  River  for  use 
in  hydraulic  mining. 

LOWER  CREEK. 

Ijower  Creek,  the  next  tributary  of  the  Catawba  from  the  north,  ha.** 
a  comparatively  flat  watershed.  The  fall  is  not  so  great  as  that  of  the 
upper  branches,  and  in  every  way  the  creek  has  more  the  nature  of  a 
stream  of  the  Piedmont  Plain. 

YADKIN  RIVER. 
PHYSICAL  FEATURES. 

Yadkin  River  rises  on  the  eastern  slopes  of  the  Blue  Ridge,  in  Cald- 
well and  Watauga  counties,  near  Blowing  Rock,  N.  C.  Its  course  b 
almost  south,  until  at  Patterson  it  turns  to  the  northeast.  It  w«<i2i 
examined  and  gagings  were  made  as  far  down  as  Ararat  River,  a 
large  tributary  from  the  north.  In  this  portion  of  its  course  it  flow> 
through  Caldwell  and  Wilkes  counties  and  between  Yadkin  and  Surry 
counties. 
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Beginning  at  Siloam,  where  the  flood  plain  of  the  river  is  about 
three-fourths  of  a  mile  wide,  the  bottom  land  gradually  widens  as  the 
head  of  the  stream  is  approached,  being  in  some  places  nearly  2  miles 
in  width.  The  flood  plain  is  subject  to  occasional  overflows.  Its  soil 
is  very  deep  and  fertile,  the  result  of  washings  from  the  mountain 
slopes  above.  The  river  basin  between  Patterson  and  Siloam  varies 
in  width  from  5  to  25  miles.  The  divides  which  separate  it  from  the 
basins  of  the  New  and  the  Catawba  are  high  and  steep,  so  that  the 
tributary  streams  are  not  very  long,  but  they  have  large  falls.  On  the 
north  the  river  is  flanked  by  the  Blue  Ridge,  whose  highest  peaks 
attain  elevations  of  more  than  4,000  feet.  On  the  south,  and  lying 
closer  to  the  stream,  are  the  Brushy  Mountains,  a  low  ridge  which  in 
places  attains  an  elevation  of  2,000  feet. 

The  upper  part  of  the  valley  of  the  Yadkin  is  very  well  wooded,  and 
the  forests,  with  the  deep  soil  on  the  mountain  sides,  tend  to  make  the 
flow  of  the  stream  more  constant  than  might  be  expected  in  the 
absence  of  lakes  or  marshes  to  act  as  regulators.  The  highest  flood 
of  which  there  is  any  record  extant  was  in  1878,  when  the  river  rose 
23  feet.  The  floods  are  of  short  duration,  generally  subsiding  in  from 
thirty-six  to  forty-eight  hours.  It  is  said  that  twenty-five  years  ago 
high  floods  very  rarely  occurred,  and  their  frequency  now  is  accounted 
for  by  the  clearing  of  the  liiUs  and  the  removal  of  obstructions  from 
the  river.*  The  lowlands  are  more  frequently  overflowed  than  for- 
merly, and  more  damage  is  done  to  the  crops.  The  annual  rainfall 
in  the  upper  valley  varies  from  44  to  50  inches. 

Between  Patterson  and  Wilkesboro  the  lowlands  are  in  places  a  mile 
or  more  in  width  and  are  exceedingly  fertile.  This  region  is  known 
as  Happy  Valley,  and  is  considered  to  be  among  the  finest  agricul- 
tural sections  of  the  State.  The  chief  products  are  corn,  wheat, 
tobacco,  cotton,  cane,  and  fruits.  The  corn  and  wheat  raised  are 
especially  good.  Pasture  land  in  the  immediate  vicinity  is  poor,  but 
along  the  slopes  of  the  Blue  Ridge  grazing  is  better  and  considemble 
hay  is  produced.  The  climate  is  salubrious.  The  Wilkesboro  divi- 
sion of  the  Southern  Railway  passes  up  the  north  banks  of  the  Yadkin 
as  far  as  the  town  of  North  Wilkesboro.  The  only  two  towns  of  any 
importance  along  this  part  of  the  stream  are  Elkin  and  Wilkesboro. 
Both  are  growing  rapidly  and  give  promise  of  continual  development. 

The  well-defined  river  basin  of  the  Yadkin  is  marked  by  an  appar- 
ently unbroken  valley  floor  lying  at  an  average  elevation  of  1,200  feet. 
This  floor,  which  rises  by  a  gentle  inclination  from  about  1,100  feet 
along  the  river  to  1,400  feet  at  the  bases  of  the  bounding  ranges,  can 
be  seen  to  best  advantage  when  standing  on  the  steeper  slopes  of  the 
mountains,  as,  for  instance,  on  the  road  from  Lambsburg  to  Cold 
Spring,  in  the  northern  part  of  Surry  County.  As  soon  as  one 
approaches  the  tributaries  or  the  river  itself,  it  is  evident  that  the 
valley  floor  is  noj  continuous,  but  that  it  has  been  deeply  trenched  by 

•Ann.  Rept.  Chief  of  En^Deers  U  S.  A.,  1878,  p.  628. 
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nearly  all  of  the  streams  belonging  to  this  x>ortion  of  the  Yadkin  river 
system.  The  trench  now  occupied  by  the  main  river  is  from  300 
feet  to  400  feet  below  the  general  level  of  the  valley,  and  varies  in 
width  from  a  half  mile  to  a  mile  and  a  quarter.  The  width  of  the 
trench  is  clearly  influenced  by  varying  resistance  in  the  rock  series 
crossed  by  the  stream ;  the  depth,  however,  seems  to  increase  uniformly 
downstream,  without  relation  to  rock  resistance.  The  bottom  of  the 
main  trench  is  covered  with  alluvial  sands,  gravels,  loams,  or  clay  to 
a  depth  of  from  15  to  20  feet.  Through  the  bottoms  thus  formed  the 
river  pursues  a  meandering  course,  being  sunk  about  10  feet  below 
the  general  level  of  the  vallej''  floor  at  Siloam  and  not  more  than  5 
feet  below  in  the  vicinity  of  Patterson's  mill. 

The  trenches  cut  by  the  tributary  streams  are  narrower  than  the 
main  trench,  have  steeper  bounding  slox>es,  which  are  sometimes  pre- 
cipitous, and  have  narrower  bottoms,  which  often  extend  far  up  the 
streams.  Near  their  mouths  the  tributary  valleys  are  very  narrow, 
their  channels  steep,  and  usually  a  number  of  low  cascades  over  resist- 
ant layers  characterize  the  debouchments  of  the  streams  upon  the 
broader  bottoms  of  the  river. 

Along  the  steep  slopes  of  the  trench  of  the  main  stream,  and  over- 
looking the  lower  bottoms,  are  two  sets  of  river  terraces,  which  have 
been  partially  cut  out  of  the  deeply  decayed  gneissic  rocks  and 
partially  built  up  of  stratified  gravels,  sands,  and  clays.  These  two 
terraces  are  at  elevations  of  20  and  60  feet  above  the  lower  bottoms. 
In  places  traces  of  a  third  terrace,  at  about  100  feet,  cau  be  seen. 
Deposits  similar  in  character  and  form  can  be  found  in  the  tributary 
gorges,  usually  at  the  100-foot  elevation. 

SOILS. 

In  general  the  rocks  of  the  region  are  schists  of  moderate  compact- 
ness, with  gneissic  and  slaty  bands  in  the  vicinity  of  Blowing  Rock. 
Near  Mount  Airy  the  metamorphic  crystallines  seem  to  have  been  cut 
by  compact  granitic  rocks,  which  withstand  weathering  much  bett-er 
than  the  surrounding  formation,  and  thus  have  formed  low  hills  stand- 
ing above  the  general  level  (1,200  feet)  of  the  valley  floor.  The  gra- 
nitic rocks  on  disintegrating  produce  clays  and  sands;  but  the  areas 
covered  by  the  resulting  soils  are  small.  The  metamorphic  rocks  f^en- 
erally  produce  clayey  subsoils,  with  a  not  very  porous  top  soil.  In  some 
localities  an  unusual  amount  of  quartz  in  the  rocks  has  resulted  in  the 
production  of  sandy  soils.  Thus  the  soils  of  the  valley  floor  are  gen- 
erally rather  heavy,  with  an  impervious  subsoil.  Consequently  neither 
heavy  rains  nor  the  average  moderate  precipitation  penetrates  to  a 
great  depth.  Instead  the  water  gathers  into  surface  rills  and  rapidly 
finds  its  way  into  the  streams,  at  the  same  time  carrying  with  it  a 
large  portion  of  the  looser  surface  soil. 

The  nearly  level  elevated  valley  floor  has  beeji  almost  whollv 
cleared  of  timber.     In  it  areas  of  remarkable  fertility  occur  at  inter- 
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vals.  These  have  been  extended  in  size  and  in  depth  by  the  wash 
from  the  mountain  sides.  The  soil  of  the  slopes  on  the  north  side  of 
the  stream  is  largely  siliceous  and  is  well  mixed  with  humus  and  vege- 
table mold,  affording  rich  pasture  and  farm  lands.  The  soil  of  the 
mountain  slopes  on  the  south  side  of  the  river  is  shallow  and  com- 
paratively poor. 

FORESTS. 

The  forest  growth  consists  chiefly  of  oak,  chestnut,  poplar,  and 
linn,  with  some  pine,  and  with  occasional  patches  of  hemlock.  Near 
the  railroad  considerable  cutting  of  the  best  trees  has  been  done,  but 
in  many  parts  of  the  area  the  timber  is  practically  untouched.  Con- 
siderable damage  has  also  been  caused  by  forest  flres,  though  in  most 
places  the  injury  from  this  cause  has  not  been  serious  or  permanent. 

DISCHARGE  MEASUREMENTS. 

During  the  investigation  the  following  measurements  were  made  of 
the  river  at  various  localities  along  its  course: 

Discharge  measureTtients  of  Yadkin  River. 


Date. 


1900. 
June  20 

July  U 
Aug.  7 

Sept.  as 

June  21 
June  23 
July  4 
July  12 
AufiT.  6 
Oct.  1 
Kov.  4 

1901. 
June  8 
June  14 
June  15 
June  18    do 


Locality. 


Second  ford  below  Pfttteraon's  mill. 


do  ...... 

do 

do 

Wilkesboro 

do 

do 

do 

do 

do 

do 


do 
do 
do 


Hydrographer. 


K.  C.  Cortisand  Cleveland 

Abbe,  jr. 
do 


do. 
do. 
-do. 
-do 
.do. 
.do. 
-do. 
.do. 
.do. 


1900. 
July  11 
J\.ug.   3 
Oct.  31 


Siloam 

do. 

do  . 


-do. 
-do. 
.do. 
.do. 


do. 
do. 
do 


Gaffe 
height 


Feet, 
13.30 

13.50 
13.40 
13.53 
28.73 
26.14 
26.83 
27.05 
27.20 
27.20 
26.22 


25.81 
16.50 
14.22 
23.80 


2.90 
2.60 
3.10 


Dis- 
charge. 


Sec-feet. 
82.0 


100.8 
76.2 
43.0 

780.0 

i,r^.o 

663.0 
488.2 
386.0 
369.1 
1,331.0 


1,762.0 
11.667.0 
12.582.0 

3,727.0 


1,387.0 
1,218.0 
1,460.0 


KoTE.— At  regular  stations  of  the  Geological  Survey  gages  are  installed  by  which  the  rise  of 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  discbarge 
of  the  stream.  This  is  true  of  the  measurements  in  the  above  table  at  Siloam.  In  making  all 
of  the  other  measurements,  however,  in  each  case  a  bench  mark  was  established  and  measure- 
ments were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench  mark  to  the  surface 
of  the  water.  In  these  cases,  therefore,  an  increase  in  the  gage  height  means  a  lowering  of 
tlie  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream. 

For  several  years  the  Survey  has  maintained  a  gaging  station 
on  Yadkin  River  at  Salisbury,  also  one  at  Norwood,  both  farther 
downstream  than  the  present  investigation  extended,  the  results  of 
wliich  have  been  published  in  the  annual  reports.  The  station  at 
;Morwood  was  discontinued  in  January,  1900/ 
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WATER  POWEBS. 

Between  Patterson's  mill  and  the  town  of  Patterson,  aboat  4  miles 
farther  upstream,  Yadkin  River  is  a  meandering  stream,  with  slight 
fall,  occupying  a  wide,  terraced  trench  about  80  feet  below  the  gen- 
eral level  of  the  trenched  valley  floor  already  described.  Although 
there  are  many  shoals  with  gravelly  bottoms  between  Patterson  and 
the  mouth  of  Little  Ararat  River,  there  are  no  good  water  powers, 
because  of  the  broad,  alluvium-lined  valley,  which  offers  no  anchor- 
age for  dams;  nor  are  there  any  sharp  falls  or  even  important  rapids 
sufficiently  high  to  furnish  useful  power.  About  1  mile  above 
Brown's  ford,  4  miles  west  of  Wilkesboro,  what  seem  to  be  gravelly 
shoals  in  the  river  accompany  a  fall  in  the  channel  of  5  feet  within  a 
quarter  of  a  mile.  The  bottom  landb  on  the  north  bank  of  the  river 
at  this  place  are  only  200  feet  wide.  On  the  south  side,  however, 
they  are  somewhat  wider  and  seem  to  afford  poorer  holding  ground. 
Again,  about  3  miles  above  Ronda  the  river  runs  at  the  bottom  of  a 
narrow,  rock-ribl>e<l  trench,  and  its  channel  is  cut  across  by  rough 
ledges  of  hornblende-schist.  This  locality,  with  a  channel  fall  of  5  or 
6  feet,  seems  to  be  the  best  on  the  whole  stretch  of  the  main  stream, 
having  a  good  foundation  for  a  dam  and  natural  abutments. 

There  are  no  mills  on  the  main  stream  between  Patterson's  mill  and 
Siloam.  At  Patterson,  4  miles  upstream  from  the  mill  mentionocl, 
there  are  two  mills!  The  first  one,  a  cotton  mill,  has  a  fall  of  al)out 
10  feet.  The  other  one,  a  few  hundred  yards  upstream,  is  a  woolen 
factory  operated  during  the  greater  part  of  the  year  by  water  power, 
but  having  an  auxiliary  steam  plant  for  use  during  unusaally  low 
water.  This  mill  uses  a  fall  of  25  feet,  obtained  by  sluicing  the  water 
200  yards  from  a  15-foot  dam. 

Above  Patterson  the  river  occupies  a  narrow,  rock- walled  gorge, 
affording  many  good  powers,  though  a  number  are  at  present  inac- 
cessible. About  1  mile  above  the  woolen  mill  and  sawmill  just  men- 
tioned the  whole  volume  of  the  river  crosses  Ripshin  Mountain 
through  a  narrow  water  gap  floored  and  flanked  to  a  great  height  by 
firm  gneiss  and  schist.  The  channel  at  this  point  has  a  drop  of  cer- 
tainly 5  feet  within  half  as  many  rods,  and  a  dam  100  feet  long  and 
10  feet  wide  would  completely  flood  broad  meadow  lands  to  a  distance 
of  a  mile  iipstream.  About  1|  miles  upstream  from  this  gap  through 
Ripshin  Mountain  a  small  mill  has  been  built  to  utilize  a  fall  of  10 
feet,  and  on  Mill  Fork,  one-fourth  mile  above  its  confluence  with  the 
Yadkin,  another  mill,  with  an  8-foot  fall,  has  been  established,  while 
about  1  mile  above  Kirby  Gap  this  same  stream  (Mill  Pork)  has  an 
almost  perpendicular  fall  which  is  estimated  to  be  250  feet.. 

The  following  table  contains  interesting  data  regarding  the  eleva- 
tion, fall,  etc.,  of  the  river  in  various  portions  of  its  course  above  the 
mouth  of  Ararat  River:  • 
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EUvaiion,  faU,  etc,  of  Yadkin  River  above  Ararat  River. 


Place. 

Distance 

from 
Siloam. 

Elera- 
tlon. 

1 

Distance      Fall 
between  between 
points,     points. 

Fall  per 
mile. 

Ayeraffe 
annual 
fluctua- 
tion. 

Month  of  Ararat  Biver 

Mileg. 

Feet. 
798 

Miles. 

Feet 

F^t. 

Feet 
6 

50 

130 

2.6 

Wilkesboro 

50 

088 

7 

32 

322 

10.00 

Patterson 

82 

1.250 

5 

13 

2.250 

178.07 

H(wl  of  fltream        , , .          

05 

3,600 

Above  its  junction  with  Mill  Creek  the  river  pursues  a  winding 
course,  flowing  at  the  bottom  of  a  very  deep  and  narrow  gorge,  with 
an  average  fall  of  about  50  feet  to  the  mile. 

Below  Ararat  River  the  valley  of  the  Yadkin  averages  50  miles  in 
width,  much  of  it '  composed  of  fertile  bottom  lands.  At  several 
places,  however,  the  hills  close  in  upon  the  river,  confining  it  between 
steep  and  rocky  banks.  In  this  lower  portion  of  its  course  there  are 
many  places  where  water  iK)wer  could  economically  be  developed. 
The  folloMring  table  gives  the  locations  of  the  principal  powers: 

Summary  of  water  powers  on  Yadkin  River," 


Locality. 


Blnitts  Falls 

GraasT  Islaiid  Sboal .. 

Swift  Island  Sboal 

Gansmitb  Sboal 

Narrows 

Boll  Island  Sboal 

Penninfftons  Sboal . . . 
Mmedgeville  Sboal... 

Hottsralls 

Bald  Mountain  Sboal. 
Flat  Swamp  Mountain 

ShoaL 
Fries  Manufacturing 

and  Power  Co. 
Langenbour  ft    Nea- 

son^s  dam. 
Siiallow  Ford  Sboal. . . 

Shoal    above    Sbores 

Island. 

Bean  Sboal  (bead) 

Lime  Bock  Sboal 

Shoal  below  Rockford 
SeTen  Island  Sboal ... 

Long  Sboal 

Woodruff  Fisbtrap 

Shoal. 
Mitcbell  Island  Sboal 

Swan  Greek  Sboal 

Reeve  Island  Sboal .. . 

Blair  Island  Sboal 


9 

a 
I 

I 

VI 

8 

R 


Miles, 
12.0 
13.0 
42.0 
67.5 
60.0 
66.0 
67.0 
70.0 
72.3 
7B.8 
78.3 

181.5 

188.5 

145.0 

156.2 

164.7 
160.8 
174.8 
177.0 
182.0 
185.0 

186.6 
196.7 
206.5 

216.5 


OS 

O 


Total  fall. 


■a 


8q.  mi. 
6,660 
6,624 
4,823 
4.300 
3,938 
3,800 
3,000 
3.500 
3,400 
8,300 
3,000 

1,865 

1,827 

1.812 

1,633 

1,521 
1,166 
1,007 
1,066 
949 
925 

925 

730 
540 

420 


Feet 

9.00 

36.00 

18.00 

9.50 

91.00 

29.00 

74.00 

14.00 

13.50 

8.50 

10.20 

10.00 

4.57 

7.89 

7.73 

39.17 

10.62 

8.38 

4.02 

11.18 

4.55 

4.00 
5.40 
3.86 

3.44 


s 

vi 
o 

a 

9 


Feet 

1,000 

b4.5 

b2.5 

2,500 

b5 

b2 

*4.5 

bO.7 

bO.8 

bO.5 

'>0.5 

1,600 


Oroes  borsebower 
available. 


a 


1,500 
5,970 
1,942 
1.090 
8,954 
2,854 


1,378 


5,660. 

'9,662 

b4 
b2.59 
4,500 
2,680 
bl.61 
1,800 

2,740 
3,160 
2,700 

1,700 


220 

375 

330 

1,560 
325 
240 
112 
206 
105 

90 

100 

50 

36 


1.900 
7,600 
2,476 
l,30r) 
11,375 
3,625 


1,750 


280 

485 

430 

2,030 
425 
320 
145 

dan 

134 

115 

125 

65 

46 


2,170 
8,680 
2,796 
1,470 
12,922 
4,118 


Uemarks. 


1,988 


825 


Undeveloped. 

Do. 
Do. 
Do. 

Rock  bottom. 

Do. 


550    Bock  and  gravel 
bottom. 
Do. 


490 

2,320 
490 
360 
165 
885 
155 

136 
145 

75 

53 


Rock  bottom. 
Do. 
Do. 
Do. 
Do. 
Do. 

Gravel  bottom. 
Rock  bottom. 
Rock  and  gravel 

bottom. 
Gravel  bottom. 


•From  Bull.  No.  8,  N.  C.  GeoL  Survey. 
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It  will  be  seen  that  the  fall  is  not  in  the  form  of  direct  vertical 
drops,  but  in  shoals  of  considerable  length.  One  of  the  greatest 
drawbacks  to  the  development  of  power  in  a  large  part  of  the  Yadkin 
is  the  lack  of  prox>er  means  of  transportation. 

TRIBUTARIES  OP  YADKIN  RIVER. 


DISCHARGE  1£EASUREMENTS. 


The  following  measurements  were  made  of  the  important  tributaries 
of  the  Yadkin  to  and  including  Ararat  River,  in  order  downstream: 
Discharge  measurements  of  upper  tributaries  of  Yadkin  River, 


Date. 


1900. 
June  20 


July  13 
Aug.  6 
Sept.  36 
June  21 
July  13 
Aug.  6 
Sept.  26  ' 
June  21 

July  13 
Aug.  6  , 
Sept.  26  ' 
June  23 
July  12 
Aug.  4 
Oct.  1 
June  23 


July  3 
Aug.  4 
Sept.  27 
Nov.  2 
June  25 

July  9 
Aug.  4 
Sept.  27 
Nov.  2 
Sept.  27 

June  25 

July    9 
Aug.   4  I 
Sept.  27  ' 
June  26 
July  10 
Aug.   3 
Sept.  28  ; 
Nov.    1 
June  26 

July  10 
Aug.  3 
Sept.  28 
Nov.  1 
June  27 
July  11 
Aug.  2 
Sept.  29 
Oct.  31 


Stream. 


Elk  Creek. 


do 

do 

do 

Stony  Creek 

do 

do 

do 

Louis  Fork  of  Yad- 
kin River. 

do 

do 

....  do 

Reddie  River 

do 

do 

do 

Mulberry  River 


do 

do 

do 

do 

Uoaring  River. 


do 

do 

do 

do 

Big  Bugaboo  Creek. 

Big  Elkin  River.... 


do 

do 

do 

Mitchell  River 

do 

do 

do 

do 

Fisher  River... 


..  -do 

do 

do 

do 

Ararat  River 

do 

do 

do 

do 


Locality. 


I  Hydrogrmpher.     »Jg^,.  ^ £^, 


One-fourth  mile  above  ford 


.do 
do 
do 


Footbridge  at  Colberts 

do 

.....do 

do 

Footbridge  on  Mount  Pleas- 
ant road. 

...-do 

.....do 

do 

North  Wilkesboro 

do 

do. ..4 

.....do 

Trestle  of  Greensboro  and 
Wilkesboro  division  of 
Southern  R.  R. 

do 

do 

do 

do 

Greensboro  and  Wilkesboro 
R.  R.  bridge. 

do 

do 

do 

do 

Ford  of  road  from  Roaring 
River  to  Elkin. 

Greensboro  and  Wilkesboro 
R.R.  bridge. 

do 


.do 
.do 
.do 
.do 
.do 
.do 
do 


Greensboro  and  Wilkesboro 
R.  R.  trestle. 


.do 

do 

do 

do 

.do 

.do 

do 

.do 

.do 


Cleveland  Abbe, 
jr.,  and  N.  C. 
Curtis. 

do 

do 

do 

do 

do 

do 

do 

do 


Feet. 


I  Sec  St 
'     119. U 


3.43 
2.60 
2.61 
S.65 
70 


2 


do 
do 
do 
do 
do 
do 
do 
.do 


2.87 
3.10 

8.23 

3.30 

3.33 

24.73 

25.15 


.do. 

.do. 

do 

do. 

.do 

.do. 

.do 

.do 

.do 

.do 

.do 

.do 
.do 
.do 
-do 
.do 
-do 
.do 
.do 
.do 

.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 
.do 


25.25  I 
S1.98  i 


22.25 

22.50 
22.42 


23.68 

25.45 
26.75 
25.13 
24.27 

1.28 

24.53 
25.95 


26.22 
21.63 
24.  UO 
24.25 
24.25 
23.89 
20.93 

23.38 

23. «) 

23.72 

23.71) 

23.9 

26.0 

26.25 

96.46 

25.66 


61.0 
37.0 
30.0 
78.4 
8l».5 
51X0 
31.  ID 
127.0 

99.0 

G9.0 

63  <i 

2lKl 

93(1 

e>.2 

10^  4 


sari 

39-2) 

61 :; 

»%o 

520.:: 

161  I 
117  «. 

li&  r» 
14*7  0 

a\o 

uVO 
29  0 

27  i» 
3^1 
VS^t 

11S»  I 

lt>  1» 

216l« 

ir;-» 
1:k« 
Hi" 

317  1 
24S  *" 

9r,x 


Note.  -In  making  the  measurements  recorded  in  the  above  table  bench  marks  veere  ^tab- 
lished  and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  fronn  the  l>ez!c^ 
mark  to  the  surface  of  the  water.  An  increase  in  the  g^age  height,  therefore,  means  a  lowenn? 
of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  rev«r«ir 
of  the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  s& 
increase  in  the  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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The  drainage  basins  and  water  powers  of  the  principal  tributary 
streams  are  briefly  described  on  the  following  pages.  Practically  all 
of  the  tributaries  whose  water  powers  are  worth  considering  flow  into 
the  Yadkin  from  the  north.  The  divides  and  spurs,  between  which 
are  the  basins  of  the  tributary  streams,  are  seldom  more  than  a  mile 
wide  and  form  many  picturesque  coves  and  valleys. 

This  stream  was  measured  at  a  foot  log  about  one-fourth  of  a  mile 
above  the  road  ford  at  Elkville.  At  the  point  of  measurement  and 
for  a  short  distance  above  and  below  are  cascades  over  broad  ledges 
of  gneiss,  and  the  stream  is  bounded  by  steep,  rocky  slopes.  The 
natural  fall  is  estimated  to  be  at  least  10  feet  within  200  yards. 
Higher  up  the  stream  there  are  undoubtedly  other  fair  powers,  but 
they  were  not  examined. 

STONY  CRBEK. 

This  stream  enters  the  Yadkin  from  the  north  about  6  miles  below 
Elkville,  and  possesses  a  splendid  power  at  its  mouth  and  for  a  short 
distance  upstream.  Throughout  the  last  half  mile  of  its  course  the 
banks  are  the  steep,  rocky  sides  of  a  narrow,  V-shaped  gorge.  Within 
this  distance  the  stream  has  an  estimated  fall  of  at  least  50  feet,  flowing 
over  a  series  of  ledges  in  falls  or  cascades  of  from  6  to  10  feet  each. 
Just  at  the  mouth  of  the  creek  there  stands  a  combined  sawmill  and 
l^ristmill  driven  by  turbine  power.  The  dam  is  only  6  feet  high,  but 
is  80  favorably  placed  on  ledges  that  about  18  feet  head  is  obtained. 
This  is  an  excellent  mill  site,  but  the  road  leading  down  to  it  from 
the  surrounding  country  is  poor  and  is  on  a  steep  grade.  The  stream 
was  measured  at  a  foot  log  about  3  miles  above  its  mouth,  where  it 
flows  through  a  sandy  meadow  or  bottom  one-fourth  of  a  mile  wide. 
So  far  as  examined  this  stream  offers  a  number  of  good  mill  sites, 
for  its  valley  is  everywhere  bounded  by  steep  mountain  sides,  and  in 
many  places  is  narrow,  by  reason  of  the  occurrence  of  bands  of 
resistant  gneiss  and  schist. 

LOUIS  FORK. 

This  stream  has  a  large  drainage  basin,  served  by  its  two  branches, 
East  Fork  and  West  (or  South)  Fork.  The  valleys  of  these  branches 
are  generally  open  and  are  largely  cleared,  the  bottom  lands,  of  which 
there  is  a  large  area,  being  under  cultivation.  The  discharge  was 
measured  (see  table  on  page  164)  at  a  foot  log  where  the  Mount  Pleas- 
ant road  crosses  the  stream,  just  below  the  confluence  of  the  East 
and  West  forks.  The  bottom  at  this  place  is  rather  sandy  and  grav- 
elly, with  some  large  bowlders.  About  one-fourth  of  a  mile  down- 
stream, however,  the  creek  leaves  the  meadows  and  enters  a  narrow, 
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steep-sided  gorge  containing  many  rocky  ledges.  There  are  one  or 
two  small  gristmills  od  the  forks  above  the  point  of  measurement, 
which  is  nearly  3  miles  from  the  mouth,  but  so  far  as  known  there 
are  none  below  it. 

UNNAMED  TREBUTABY  EAST  OF  LOUIS  FORK. 

There  is  a  small  stream  which  heads  in  the  mountains  northeast  of 
Purlear  and  enters  the  Yadkin  from  the  north  about  a  mile  west  of 
Brown's  ford,  on  which  there  is  considerable  fall,  over  rock  ledges,  at 
the  mouth.  This  fall  is  utilized  by  a  gristmill  and  yields  a  head  of  10 
feet,  although  the  dam  is  only  5  feet  high.  The  stream  is  so  small 
that  it  was  not  possible  to  measure  its  discharge  satisfactorily  with 
the  large  meter.  Judging  from  the  wooded  character  of  its  valley, 
however,  it  has  a  fairly  uniform  flow  throughout  the  year,  and  its 
steep  grade  gives  much  more  power  than  is  now  used. 

REDDIE  RIVER. 

This  river  heads  far  up  among  spurs  of  the  Blue  Ridge,  between 
Horse  Gap  on  the  west  and  Mulberry  Gap  on  the  east.  Its  head- 
waters are  moderately  well  wooded,  but  along  its  middle  course  there 
is  more  open  and  cleared  valley  land.  There  are  several  mills  on  the 
stream,  the  more  important  ones  being  a  gristmiU  at  Whittington  and 
two  mills  at  its  mouth,  just  above  North  Wilkesboro.  The  latter  mill 
site  is  an  admirable  one,  the  shoal  being  10  or  15  rods  wide,  rock- 
floored,  and  excellent  rock  abutments  being  furnished  by  the  ledges 
on  either  bank.  The  natural  fall  in  the  channel  is  about  10  feet,  half 
of  which  is  utilized,  by  means  of  a  9-foot  dam,  b}^  a  gristmill  and 
flour  mill  on  the  west  bank.  One  hundred  yards  below  the  dam  a  sash 
factory  uses  a  fall  of  about  14  feet,  obtained  by  sluicing  the  water 
from  the  dam  to  the  east  bank  of  the  stream. 

The  river  is  reported  to  be  not  subject  to  rapid  fluctuation,  thus 
distinguishing  it  from  most  of  the  other  streams  of  the  neighborhood. 

MULBERRY  RIVER. 

This  river  also  rises  far  back  in  the  Blue  Ridge,  starting  near  Mul- 
berry Gap  and  flowing  southeastward.  Its  valley,  which  is  rather 
broad,  is  covered  with  alluvium  and  offers  relatively  few  mill  sites. 
The  average  grade  of  the  channel  seems  to  be  much  less  than  that  of 
most  of  the  streams  of  the  district.  In  the  upper  stretches  falls  and 
rapids  are  more  numerous  than  in  the  lower  portions  of  its  course. 
About  halfway  between  Mulberry  and  Halls  Mills  there  is  a  shoal 
which  affords  fall  for  Wood's  gristmill  and  sawmill,  giving  the  wheel 
B  feet  head.  So  far  as  known  this  is  the  only  mill  on  the  stream.  At 
the  crossing  of  the  road  between  North  Wilkesboro  and  the  town  of 
Roaring  River  there  is  an  excellent  little  fall  of  about  6  feet,  due  to 
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a  broad  ledge  of  rock  which  crosses  the  stream  and  furnishes  a  good 
abutment  on  the  west  bank.  At  the  Southern  Railway  trestle  there 
is  also  a  series  of  cascades  furnishing  6  feet  fall,  with  good  abutments 
on  the  east  bank.  The  river  was  measured  at  the  trestle,  which  is 
about  halfway  between  the  Yadkin  and  the  steep  hillside  forming  the 
northern  boundary  of  that  river's  flood  plain. 

ROARING  RIVER. 

This  stream  is  much  larger  than  Mulberry  River  and  possesses 
many  good  water  powers.  Those  at  present  best  known  are  the  one 
about  4  miles  below  Dockery,  which  is  near  the  junction  of  the  east- 
ern and  western  forks,  and  the  one  at  the  mouth  of  the  stream. 

Just  above  the  confluence  of  the  two  chief  forks  a  small  stream 
enters  the  western  fork  from  the  southwest.  Where  the  road  from 
Round  Mountain  to  Dockery  crosses  it  the  average  fall  is  100  feet  per 
mile.  Here  Spencer  Blackburn  has  built  a  small  mill  which  uses  a 
fall  of  20  feet.  Passing  on  to  the  two  forks  and  to  the  main  stream 
below  the  ford  of  the  eastern  road  from  Round  Mountain  to  Dockery, 
the  river  is  very  rapid  and  is  conflned  between  high  and  steep  banks. 
Its  fall  averages  20  feet  to  the  mile,  and  the  shoals,  including  the 
Big  Shoals,  cover  a  distance  of  about  1  mile.  All  of  this  fall  can  be 
made  to  furnish  excellent  power,  both  on  the  main  stream  and  on  the 
northern  fork,  which  joins  the  river  at  this  point,  after  draining  a 
region  to  the  northeast  lying  between  Hank  Store  and  Lomax. 

Though  narrow  and  steep  sided  in  the  vicinity  of  the  Big  Shoals, 
the  valley  widens  a  short  distance  below,  and  the  stream  possesses 
no  valuable  powers  until  about  one-fourth  mile  above  the  railway 
trestle  at  its  mouth,  where  a  series  of  cascades  over  flrm  rock  ledges 
causes  the  channel  to  drop  15  feet  within  lialf  as  many  rods.  At  the 
trestle  the  valley  opens  out  into  the  sandy  flood  plain  of  the  Yadkin. 

BIG  ELKIN  RIVER. 

This  stream  has  three  noteworthy  falls,  which  give  it  an  impor- 
tant place  among  the  water  powers  of  the  upper  Yadkin  Valley.  The 
most  important  falls,  or  series  of  falls,  so  far  as  water  power  is  con- 
cerned, are  Carters  Falls,  about  3  miles  above  the  mouth  of  the 
stream,  at  a  place  known  as  Cool  Spring  Church.  When  visited 
during  the  summer  of  1900  these  falls  had  a  comparatively  small 
volume  of  water.  They  are  occasioned  by  a  broad  band  of  resistant 
hornblende-gneiss.  The  upper  fall,  which  is  the  greater,  was  meas- 
ured by  a  hand  level  and  found  to  be  60  feet  in  a  distance  of  100 
yards.  From  the  foot  of  this  fall  the  stream  runs  over  low  ledges 
for  an  eighth  of  a  mile  to  a  lower  fall  which  is  about  15  feet  high. 
The  latter  fall  is  utilized  by  a  small  turbine-driven  gristmill  on  one 
l>ank  and  by  a  small  lumber  mill  on  the  other  bank.     The  owner  of 
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the  land  states  that  he  has  measured  the  total  fall  here,  from  the 
head  of  the  upper  to  the  foot  of  the  lower  falls,  by  means  of  accurate 
instruments,  and  finds  it  to  be  92  feet,  which  seems  quite  possible. 
The  banks  of  the  gorge  are  steep  and  of  firm  rock,  affoi*ding  the  finest 
water-power  site  between  Ararat  River  and  the  source  of  the  Yadkin. 

About  a  half  mile  below  the  lower  falls  mentioned  there  is  a  fall  of 
about  25  feet,  part  of  which  has  been  utilized  by  Butler's  grLstmill, 
which  has  a  dam  6  feet  high  yielding  14  feet  head.  By  extending 
tlie  race  a  few  yards  farther  downstream  a  head  of  20  feet  could  lie 
obtained.  During  high  water  there  is  a  maximum  rise  of  3  feet  above 
the  top  of  the  dam. 

The  other  powers  are  near  the  mouth  of  the  river,  in  the  towns  of 
Elkin  and  Elkin  Valley.  At  the  former  place,  where  there  is  a  favor- 
able rock  bottom  and  decided  falls,  are  two  dams;  at  the  latter  place, 
which  is  higher  upstream,  there  is  a  gristmill  and  flour  mill  with  a 
10-foot  dam  and  a  fall  of  18  feet. 

MITCHELL  RIVER. 

This  stream  was  measured  just  below  a  series  of  low  rapids  over 
rocky  ledges,  marking  the  i)oint  of  transition  from  the  rocky  channel 
of  back  country  to  the  sandy  flood  plain  of  the  Yadkin.  The  fall, 
about  10  feet,  has  not  been  utilized  though  it  is  favorably  situate^l. 
About  1  mile  upstream  Burch's  flour  mill  obtains  power  from  a  tribu- 
tary— Snow  Creek.  At  Guyer  Ford,  6  miles  above  the  mouth,  theiv 
is  a  broad  shoal  which  would  give  5  to  7  feet  fall  within  a  quarter  of 
a  mile. 

The  valley  of  Mitchell  River  is  similar  to  that  of  Fisher  River, 
being  rather  narrow,  with  steep  side  slopes,  but  it  has  been  some- 
what more  cleared  than  the  latter  valley.  Perhaps  half  the  area  of 
the  immediate  slopes  is  now  bare  of  trees,  while  in  the  valley  of 
Fisher  River  two-thiMs  of  the  timber  seems  to  be  standing. 

FISHER  RIVER. 

This  stream  was  ascended  only  a  short  distance.  No  improved 
mill  sites  were  found,  though  a  number  of  small  mills  are  reported 
along  its  upper  course.  Many  mills,  however,  are  located  on  small 
tributaries  of  the  river.  The  stream  is  a  large  one,  being  30  to  4i) 
miles  long,  rising  far  back  upon  the  Blue  Ridge,  in  about  the 
same  latitude  as  Mount  Airy.  Probably  the  only  good  mill  site  is 
at  the  neck  of  what  is  known  locally  as  The  Oxbow  or  The  Horseshoe, 
a  semicircular  bend  in  the  river  about  5  miles  southeast  of  Dohsou. 
The  two  arms  of  this  loop  come  within  100  yards  of  each  other  at  the 
narrow  neck,  and  there  is  said  to  be  a  difference  of  20  feet  in  the  sur- 
face level  of  the  river  on  the  two  sides.  It  has  been  suggested  that 
this  difference  in  level  be  utilized  by  piercing  the  neck  with  a  tun- 
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neled  race,  but  nothing  in  that  direction  has  yet  been  done.  At  the 
ford  of  the  roa<|  between  Snow's  mill  and  Butcher  there  are  shoals 
due  to  a  fall  of  i)erhaps  5  feet  in  one-fourth  of  a  mile,  and  at  the  ford 
southwest  of  Butcher  there  is  a  long  shoal  giving  4  or  5  feet  fall  in  200 
yards.  The  valley  appears  too  wide  for  dam  construction,  but  just 
below  the  second  shoal  mentioned  it  narrows  and  closes  in  f oi*  a  short 
distance. 

ARARAT  RIVER. 

Ararat  River  is  the  largest  of  the  upper  tributaries  of  the  Yadkin. 
It  rises  on  the  Blue  Ridge,  about  10  miles  north  of  Mount  Airy,  at  an 
elevation  of  2,500  feet,  and  flows  almost  due  south  for  30  miles,  empty- 
ing into  the  Yadkin  1  mile  below  Siloam.  The  average  fall  per  mile 
from  the  mouth  to  Mount  Airy,  a  distance  of  20  miles,  is  14.6  feet. 
Above  Mount  Airy,  where  the  fall  is  much  greater,  there  are  a  number 
of  small  gristmills. 

NEW  RIVER. 

New  River  rises  in  Watauga  County,  N.  C,  and  flows  in  a  general 
northeasterly  direction  through  Watauga  and  Ashe  counties.  It  then 
follows  the  North  Carolina- Virginin  State  line  for  about  12  miles, 
when  it  turns  to  the  north  and  joins  Kanawha  River,  its  waters  finally 
reaching  the  Ohio.  Just  before  it  intersects  the  North  Carolina- 
Virginia  boundary  line  there  is  a  confluence  of  two  branches  of  almost 
equal  size,  known  as  the  South  Fork  and  the  North  Fork.  The  North 
.  Fork  drains  the  eastern  slopes  of  the  Ii*on  Mountains  along  the  south- 
western border  of  Ashe  County,  N.  C.  Both  forks  are  formed  by  the 
junction  of  several  branches  which  drain  the  mountain  slopes.  The 
total  drainage  area  of  the  two  forks  is  631  square  miles. 

Examination  of  the  drainage  basin  of  the  river  was  made  as  far 
down  as  Old  town,  in  Grayson  County,  Va.,  about  7  miles  below  the 
confluence  of  the  North  and  South  forks.  The  upper  part  of  the  basin 
is  rough  and  mountainous,  the  stream  flowing  through  gorges  and 
narrow  valleys  with  rocky  slopes  and  bottoms.  The  occasional  widen- 
ing of  the  valleys,  however,  furnishes  favorable  sites  for  dams  and 
mills.  The  soil  is  for  the  most  part  deep  and  fertile,  making  a  fine 
agricultural  region.  According  to  the  census  of  1880,  92,000  acres 
were  under  cultivation,  57,000  acres  were  in  grass,  and  240,000  acres, 
or  61  per  cent  of  the  whole,  were  in  original  timber.  The  annual 
rainfall  in  the  basin,  as  indicated  by  a  single  station,  viz,  Blowing 
Rock,  is  about  49  inches,  distributed  as  follows:  Spring,  11.3  inches; 
summer,  16.2  inches;  autumn,  9.7  inches;  and  winter,  11.8  inches. 
The  region  is  rich  in  mineral  resources,  especially  in  iron  and  copper, 
though  very  little  has  been  done  in  the  way  of  development. 

The  total  length  of  the  river  between  the  junction  of  the  forks  and 
Oldtown,  Va.,  is  about  35  miles,  and  the  average  fall  per  mile  about 
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8.5  feet.  The  river  winds  its  way  in  narrow  gorges  formed  by  the 
shutting  in  of  the  hills  on  either  bank.  Bottom  land  is  therefore 
scarce.  The  section  of  Virginia  through  which  this  jiortion  of  the 
river  flows  is  chiefly  devoted  to  stock  raising.  The  land  is  fertile  and 
the  soil  deep  and  of  a  reddish  color.  The  region  is  well  settled,  the 
people  thrifty,  and  large  and  well-cultivated  farms  can  be  seen  everj-- 
where.     Wheat  and  other  grains  are  the  chief  crops. 

During  the  investigation  a  gaging  station  was  established  (July  31, 
1900)  near  Old  town,  Va.,  and  two  measurements  were  made  there  (see 
table  below).  Measurements  were  also  made  of  tributaries  of  the 
river  between  the  confluence  of  the  North  and  South  forks  and  Old- 
town,  as  shown  in  the  following  table.  The  basins  of  the  North  and 
South  forks  are  described  under  separate  headings,  and  the  measure- 
ments made  on  those  streams  and  their  tributaries  are  given  in  the 
tables  on  pages  172  and  174. 

Dincharge  measurements  of  New  River  near  Oldtovm^  Vcl,,  and  of  its  tributaries 
between  confluence  of  North  and  South  forks  and  Oldtounu 


Date. 


1900. 
July  28 


Oct.  28 
July  29 
Oct.  28 

1901. 
June  28 

1900. 
July  31 
Oct.  29 
July  31 


Stream. 


Wilson  Creek. 


do 

Fox  Creek 
do , 


.do 


Peach  Bottom  Creek 

do 

Little  River 


Oct.  29   do 

July  30  ,  Elk  Creek.. 
July  31     New  River 
Oct.  29  I do 


Locality. 


2  miles  above  month 


do 


One>f  onrth  mile  above  month . 
do 


.do 


200  yards  above  month 

Ford  of    IndependenocHDld- 
town  road. 

do 

200  yards  above  month 

Near  Oldtown 

do 


Hydrographer. 


Oase 
eifirht. 


he: 


Dis- 
charge 


Clevdand  Abbe, 
ITm  and  N.  C. 
irtis. 

do 

do 

do 


Cni 


do 


.do 
.do 
.do 

.do 
.do 
.do 
.do 


Feet. 
6.  .3 


G  » 


4.9 
9.'i 


4.0 
6.6 
6.3 


SrC.ti. 


144.0 


dsi>) 


21.4 

3&i> 

199.0 

31*.; 

.>:  1 

1.541  «• 

3,S9aO 


Note. —In  making  the  measurements  recorded  in  the  above  table  bench  mtf'ks  were  t'stah- 
lished  and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  becdi 
raark  to  the  surface  of  the  water.  An  increase  in  the  v^ge  height,  therefore,  means  a  loweriii; 
of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  reverse  o^ 
the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  increa^ 
iu  the  gage  height  represents  an  Increase  in  the  discharge  of  the  stream. 


The  water  powers  of  all  of  the  streams  mentioned  in  the  foregoiiii: 
table  are  excellent,  and  many  of  them  have  alread}'^  been  develoiKii. 
At  the  mouth  of  Wilson  Creek  there  are  two  mills — the  lower  one  a 
grain  mill  with  a  fall  of  12  feet,  and  the  upper  one  a  woolen  factory, 
owned  by  Fields  &  Hash.  On  Peach  Bottom  Creek,  2  miles  east  of 
Independence,  is  the  gristmill  of  D.  C.  Mallory.  The  total  fall  hen* 
is  about  65  feet. 
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SOUTH  FORK  OP  NEW  RIVER. 
GENE' AL  FEATURES. 

This  stream  is  formed  by  the  confluence  of  the  East  Fork,  the  Mid- 
dle Fork,  and  Flannery  Fork,  near  Deckhill,  Watauga  County,  N.  C. 
The  Middle  Fork,  which  is  the  largest  of  the  three  tributaries  men- 
tioned, rises  just  north  of  Blowing  Rock,  at  the  boundary  line  between 
Watauga  and  Caldwell  counties,  at  an  elevation  of  between  3,700  and 
3,800  feet.  The  elevation  at  the  junction  of  the  North  and  South 
forks  being  2,500  feet,  the  difference  in  elevation  between  the  head 
and  the  mouth  of  the  South  Fork  is  1,300  feet,  the  distance  45  miles. 
This  gives  an  average  fall  of  29  feet  to  the  mile.  As  the  course  of  the 
stream,  however,  is  extremelj'^  crooked  the  slope  is  hardly  20  feet  to 
the  mile.  Shoals  and  available  water  powers  are  not  numerous  on 
the  main  stream,  but  on  the  branch  streams  they  are  more  frequent 
and  have  been  more  extensively  utilized. 

The  area  drained  by  the  South  Fork  presents  a  very  great  diversity 
of  scenic  features.  The  general  course  of  the  stream  is  parallel  to 
the  Blue  Ridge.  On  the  north  are  very  high  knobs  and  ridges.  The 
highest  of  these  is  Snake  Mountain,  5,594  feet  high.  The  scenery 
presented  though  not  rugged  is  extremely  beautiful.  The  basin  of 
the  river  is  for  the  most  part  closed,  and  there  are  no  extensive 
bottom  lands. 

The  proportion  of  unimproved  cleai-ed  land  in  Watauga  and  Ashe 
counties  is  small  compared  with  the  agricultural  lands.  On  many 
of  the  mountains  the  timber  is  practically  untouched.  The  trees, 
however,  are  not  of  the  most  valuable  varieties.  They  are  chiefly 
maples  and  chestnuts.  The  larger  portions  of  the  cleared  land  are 
<ievoted  to  the  production  of  grass  and  hay,  and  consequently  the 
raising  of  cattle  and  sheep  is  a  most  important  industry.  The  chief 
erops  are  corn,  wheat,  buckwheat,  and  cabbages,  to  all  of  which  the 
Hoil  is  especially  well  adapted.  Large  quantities  of  apples  are  also 
produced.  The  people  are  well  to  do  and  prosperous.  The  region  is 
very  healthful;  typhoid  and  malarial  fevera  are  unknown. 

No  railroad  has  yet  penetrated  Watauga  County,  though  a  route 
has  recently  been  surveyed  and  a  tax  voted.  The  route  surveyed 
orosses  the  Blue  Ridge  at  Cook  Gap.  The  country  roads  are  for  the 
most  part  good  and  are  being  improved  and  kept  open  for  travel. 
T^he  turnpike  between  Boone  and  Blowing  Rock  is  remarkably  well 
l^raded,  and  it  is  possible  for  loaded  wagons  to  cross  the  Blue  Ridge 
tx>  Lenoir  throughout  the  year.  Lenoir  is  at  present  the  shipping 
I>oint  for  the  produce  of  the  county.  The  people  of  Ashe  County  are 
not  so  progressive  in  the  matter  of  road  building  as  are  the  people  of 
"Watauga  County. 
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Both  the  North  Fork  and  the  South  Fork  ai'e  at  times  swollen  by 
heavy  freshets,  which  are  often  very  destructive  to  crops  on  the 
bottom  lands.  Occasionally  the  soil  is  entirely  removed  from  the 
bottoms  and  the  bed  rock  exposed.  More  often,  however,  whei'e  the 
current  is  not  very  swift,  a  rich  coating  of  black  mud  from  one-half 
inch  to  4  inches  thick  is  deposited,  enriching  the  lowlands  consider- 
ably. 

DISCHARaS  MEASUREMENTS  IN  BASIN. 

During  the  investigation  a  gaging  station  was  established  on  the 
South  Fork  at  New  River,  N.  C.  The  measurements  made  there,  as 
well  as  those  made  at  Riverside,  also  the  measurements  made  on  the 
tributaries,  are  given  in  the  following  table,  in  order  downstream : 

Discharge  measurements  of  South  Fork  of  New  River  aiid  its  tributaries. 


Date. 


igoo. 

July  28 

Oct.  28 

1901. 
Jane  27 

190U. 
July  18 
Oct.  25 

1901. 
Jane  24 
Do  .. 


Do... 

1900. 
Jaly  28 

Oct.  24 
July  23 
Oct.  24 
July  23 
Oct.  24 
July  18 

Oct.  25 

1901. 
Jane  24 

1900. 
July  24 
July  18 
July  24 
July  19 
July  27 


Stream. 


Soath  Fork  of  New 
Blrer 

...do 


Locality. 


New  River 
....do 


do 


do 


.do Riverside 

.do do 


.do do 

.do Ford  near  moath  of  Middle 

Fork  of  New  River,  near 
Boone. 
Near  Boone 


West  Fork. 


Flannery  Fork 


do 

Middle  Fork 

.....do 

East  Fork 

....do 

Meat  Camp  Creek . . . 


do 


do 


Elk  Creek 

Old  Field  Creek . 

Gap  Creek 

Beaver  Creek 

Mulberry  Creek. 
Prather  Creek... 


Ford  of  Boone-Blowing  Rock 

road. 

do 

Ford  of  Boone- Aho  road 

do 

do 

do 

One-fourth  mile  below  Mor- 

etz. 
do 


do 


Elk  Crossroads 


One-eigl  th  mile  above  mouth . 

Atmouth 

Near  mouth 

One  and  one-half  miles  below 
Scottville. 


Hydrographer. 


Oa«e  <    Di»- 
height,  charge. 


Cleveland  Abbe, 
jr.,  and  N.  C. 
Curtis. 

.....do 


.do 


do 
.do 


do 
.do 


do 


.do 

.do 
do 
.do 
do 
.do 
.do 

.do 


do 


.do 

.do 

.do. 

.do 

.do 

.do 


Feet.  ISec.-ft. 
2.70        751.  U 


2.60 


1,635.0 


3.90  I  1,976.0 


11.86 
11.00 


MO 


5.40 


6.35 

5.35 
5.70 


5.70 
5.10 
9.00 

8.65 


7.90 


ltk5  0 
741.1 


96S.0 
159.0 


108.0 


ia4 

107.0 
34.4 

234.0 
10.4 

i(i>.o 

35.3 
88.0 


164.0 


8  00 

10.0 

6.1 

W.4 

4.85 

214 

6.00 

214 

5.1 

lOR.O 

8.6 

25-0 

Note.— In  making  the  measurements  recorded  in  the  above  table  bench  marks  were  estab- 
lished and  measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench 
mark  to  the  surface  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering 
of  the  water  surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  reverise  of 
the  results  at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an 
increase  in  gage  height  represents  an  increase  in  the  discharge  of  the  stream. 
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WATER  POWERS  IN  BASIN. 

There  are  a  number  of  undeveloped  water  powers  on  the  South 
Fork  and  its  tributaries,  the  chief  Of  which  are  the  following: 

On  the  Middle  Fork,  about  5  miles  from  Blowing  Rock,  there  is  a 
fall  of  possibly  15  feet  in  100  feet,  with  a  good  dam  site,  though  the 
space  for  building  purposes  is  somewhat  cramped.  On  Meat  Camp 
Creek,  at  Moretz,  there  is  a  mill  with  a  dam  about  8  feet  high.  On  Elk 
Creek,  at  Elk  Crossroads,  there  is  a  small  sawmill.  The  discharge  of 
this  stream  is  slight,  but  a  fall  of  about  20  feet  has  been  obtained. 
On  Beaver  Creek,  at  the  town  of  Beavercreek,  is  Hamilton's  corn  and 
flour  mill,  with  a  working  head  of  about  10  feet. 

Near  the  mouth  of  the  South  Fork  are  the  remains  of  an  old  dam. 
The  site  is  a  good  one,  a  rock  ledge  running  entirely  across  the  stream 
and  high  hills  shutting  in  close  on  both  banks.  A  dam  40  feet  in 
height  could  easily  be  constructed  here.  Near  Scottville  the  river 
wakes  an  almost  closed  loop,  and  it  has  been  proposed  to  tunnel 
through  the  neck  of  the  loop  and  in  that  way  develop  a  fall.  It  is 
said  that  the  difference  in  the  elevation  of  the  surface  of  the  water 
on  the  upper  and  lower  sides  of  the  loop  is  about  30  feet. 

Owing  to  the  steep  slopes  of  the  adjacent  mountains  the  river  and 
its  tributaries  are  subject  to  floods,  and  dams  and  buildings  for  the 
development  of  the  water  powers  would  have  to  be  built  strong  and 
substantial. 

NORTH  FORK  OF  NEW  RIVER. 
GENERAL  FEATURES. 

The  North  Fork  is  formed  bj^  the  junction  of  Hoskin  Fork  and 
Brush  Fork  in  the  extreme  southwestern  part  of  Ashe  County. 

The  character  of  the  region  through  which  it  flows  is  more  mountain- 
ous than  the  basin  of  the  South  Fork;  the  same  general  agricultural 
and  forest  conditions  prevail  here  as  in  the  latter  basin.  The  stream 
is  not  so  tortuous  as  the  South  Fork,  but  its  side  streams  are  more 
numerous  and  the  fall  greater.  Its  total  length  is  about  30  miles. 
The  difference  in  elevation  between  its  head  and  the  junction  with  the 
South  Fork  at  Weaversford  is  1,800  feet,  making  the  average  fall  per 
mile  60  feet. 

Its  main  upper  branch,  Iloskin  Fork,  rises  on  the  eastern  slope  of 
Snake  Mountain,  at  an  elevation  of  4,300  feet.  It  flows  between 
closed  hills,  and  its  flood  plain  is  very  narrow. 

The  ratio  of  cleared  to  forest-covered  land  in  the  watershed  is 
estimated  to  be  about  1  to  5.  The  region  about  the  headwaters 
is  very  thinly  settled.  The  scenery  is  magnificent,  especially  near 
Creston  and  Solitude.  The  cleared  land  is  chiefly  devoted  to  cattle 
grazing. 
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DISCHARQE  MEASUREMENTS  IN  BASIN. 

On  July  27,  1900,  a  gaging  station  was  established  on  the  North 
Fork  at  Weaversford,  N.  C.  The  measurements  made  there,  as  well 
as  those  made  at  other  points  along  the  river,  also  the  measurements 
made  on  its  tributaries,  are  given  in  the  following  table,  in  order 
downstream: 

Discharge  measurements  of  North  Fork  of  New  River  and  tributaries. 


Date. 


19U0. 
July  28 

Oct.  27 

1901. 
Jane  27 
Jane  20 

1900. 
July  21 
Oct  28 

1901. 
Jane  20 

1900. 
July  20 

Do... 
July  21 
July  20 
Oct  26 
July  20 
Oct.  2ft 

1901. 
Jane  20 

1900. 
July  26 
Oct.  27 

1901. 
June  26 

1900. 
July  25 
Oct.  27 


Stream. 


I 


Locality. 


North  Fork  of  New 
Blver. 


.do 


.do 
do 


do 
do 


do 


.do 


Threetop Creek .... 

do 

Big  Laurel  Creek . . . 

do 

Buffalo  Creek 

do 


.do 


Horse  Creek. 
do 


.do 


Helton  Creek 
do 


Weaversford 
...do 


do 


Below  mouth  of  Laurel  Creek. 


1  mile  below  Creston. 
do 


do 


i  mile  from  Creston,  on  road 
to  Solitude. 

Creston 

do 

100  yards  above  mouth 

do 

i  mile  above  mouth 

do 


Near  Jefferson 


i  mile  above  mouth 
do 


do 


Below  Peasley's  mill 
do 


Hydrographer. 


CleveUmdAbbe, 
jr.,  and  N.  C. 
Curtis. 

do 


.do 
.do 


.do 
.do 


.do 


do 

.do. 
-do 
.do 
do. 
.do 
.do 


do 


.do 
.do 


.do 


do 
.do 


Gage  '   Dis- 
height.  jcharge. 


0.«0 


0.90 


1.40 
1.00 


6.7 
6.0 


5.5 


2.66 

6.75 
7.86 
6.40 
6.30 
5.43 


4.ao 


6.6 
6.05 


5.35 


4.28 


Sec-ft. 
53&0 


70B.O 


1.377.0 
313.0 


49.3 

1M.0 


196.0 


31S 

1».0 
37.0 
36.2 
80.4 
44  0 
67.0 


140.0 


34.3 

140.0 


444.0 


30.0 
105.0 


Note.— At  regular  stations  of  the  Geological  Survey  gagee  are  installed  by  which  the  rise  of 
the  river  is  measured,  an  increase  in  the  gage  height  representing  an  increase  in  the  diachansv 
of  the  Htream.  This  is  true  of  the  measurements  in  the  above  table  made  at  Weaversford.  In 
making  all  of  the  other  measurements,  however,  in  each  case  a  bench  mark  was  established  and 
measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench  maiic  to  the 
surface  of  the  water.  In  the  latter  cases,  therefore,  an  increase  in  the  gage  height  meiaiis  a  low- 
ering of  the  water  surface  and  a  corresix>nding  decrease  in  the  discharge  of  the  streana. 

WATEB  POWERS  IN  BASIN. 

There  are  a  number  of  water  powers  in  the  basin.  Those  of  Three- 
top  Creek  are  very  good.  Four  mills  were  observed,  with  falls  ranging 
from  6  to  15  feet.  Shoals  and  dam  sites  are  numerous.  At  the  falls 
of  Long  Hope  Creek,  a  branch  of  Threetop  Creek,  there  is  a  total  fall 
of  300  feet  in  400  yards.  The  average  discharge  of  Long  Hope  Creek 
is  about  10  second-feet.  On  the  North  Fork  about  3  miles  west  of 
the  mouth  of  Buffalo  Creek,  near  Dresden,  there  is  an  imj>ortant 
water  power  which  at  one  time  was  utilized,  but  the  dam  was  destroyed 
by  a  freshet  and  has  not  been  rebuilt.    The  hillsides  at  this  point  shut 
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in  close,  and  a  rock  ledge  extends  across  the  stream.  A  fall  of  30  or 
40  feet  could  readily  be  obtained.  Horse  Creek  and  Helton  Creek  are 
both  large  streams  with  considerable  fall.  No  water  powei*s  were 
observed  on  the  former.  A  combined  sawmill  and  gristmill  is  locat-ed 
about  a  half  mile  above  the  mouth  of  Helton  Creek.  The  fall  obtained 
is  about  10  feet  and  the  power  is  developed  by  turbines.  This  is  also  the 
site  of  the  old  Helton  iron  works,  where  hammered  iron  was  formerly 
worked,  the  ore  being  obtained  in  the  vicinity.  On  the  North  Fork 
about  2  miles  from  its  mouth  is  Dixon's  corn  and  flour  mill.  A  dam 
about  8  feet  in  height  has  been  constructed  here.  The  flume  leading 
to  the  forebay  is  a  tunnel  cut  through  a  i)rojecting  shelf  of  rock, 
behind  which  is  a  mill  ho'\se.  A  masonry  dam  40  feet  high  could  be 
constructed  and  the  power  greatly  increased. 

STREAMS   SOUTHW^EST   OF  FRENCH    BROAD   RIVER. 

South  and  west  of  tlie  region  already  described  is  a  large,  mountain- 
ous area  with  many  of  the  same  characteristics.  From  this  territory 
flow  the  headwaters  of  four  of  the  largest  rivei-s  in  the  Southeastern 
States.  First  comes  the  Tennessee  River,  the  basins  of  several  of  the 
largest  branches  of  which,  namely,  the  Holston,  the  Watauga,  the 
Nolichucky,  and  the  French  Lroad,  have  been  described  in  detail  in 
this  paper.  Farther  south  are  the  Oconalufty,  the  Tuckasegee,  the 
Nantahala,  the  Hiwassee,  the  Okoee,  and  other  rivers  which  enter  the 
Tennessee  and  after  a  long  and  winding  coui-se  add  their  watera  to 
the  Mississippi.  (Typical  views  of  these  streams  are  shown  in  Pis. 
XXXIX  to  XLIV.)  The  second  large  river  is  the  Savannah,  which 
receives  numerous  tributaries  and  flows  in  a  southeasterly  direction 
into  the  Atlantic.  The  third  stream  is  the  Apalachicola  River,  which 
with  its  chief  tributary,  the  Chattahoochee,  rises  close  to  the  head- 
watere  of  the  Tennessee  and  after  a  southerly  course  between  Georgia 
and  Alabama  and  through  Florida  enters  the  Gulf  of  Mexico  at  Apa- 
lachicola. The  fourth  large  stream  is  the  Mobile,  which  receives  its 
headwaters  from  the  mountains  of  Tennessee  and  northern  Georgia, 
through  the  Coosa,  the  Conasauga,  and  the  Etowah,  and  flowing 
through  the  State  of  Alabama  enters  the  Gulf  at  Mobile. 

Hydrographic  studies  and  numerous  measurements  of  discharge,  in 
charge  of  Prof.  B.  M.  Hall,  have  been  made  by  the  United  States 
Geological  Survey  of  the  headwaters  of  all  of  these  streams  and  of 
their  chief  tributaries.  Most  of  the  streams  rise  on  the  steep  slopes 
of  the  mountain  sides,  at  elevations  of  from  2,000  to  4,000  feet  al)ove 
sea  level,  and  have  large  falls  throughout  their  courses.  In  many 
places  the  streams  flow  through  mountain  gorges  with  steep,  vertical 
sides  and  with  veiy  small  flood  plains. 

Only  a  small  proportion  of  the  region  is  under  cultivation,  the 
greater  part  being  still  covered  with  the  original  forest  growth,  con- 
sisting of  oak,  hickory,  chestnut,  poplar,  locust,  pine,  buckeye,  linn, 
ash,  maple,  sassafras,  walnut,  and  other  varieties.     The  ground  is 
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frequently    covered    with   trailing  arbutus,   maidenhair  and  otlier 
ferns,  deep-green  mosses,  and  a  great  variety  of  wild  flowers  and  rare 
medicinal  plants.     The  climate  is  mild  throughout  the  year,  makintr 
it  a  fine  resort  in  winter  as  well  as  in  summer.     Wild  animals,  such  as 
deer,  bears,  and  wolves,  once  so  numerous,  are  now  nearly  extinct, 
but  there  are  still  many  wild-cats,  catamounts,  minks,  foxes,  opos- 
sums, ground  hogs,  polecats,  weasels,  wild  turkeys,  pheasants,  squir- 
rels, rabbits,  quails,  etc.     The  land  now  under  cultivation  is  practi- 
cally all  that  is  available  for  ordinary  farming,  the  remain<ler  bein^ 
steep,  rocky,  and  rugged,  with  only  occasional  pat<ches  of  deep,  fertile 
soil.     Near  the  rivers  considerable  timber  has  been  cut,  but  the  lum- 
bering has  not  extended  far  up  the  mountain  sides.     Means  of  trans- 
portation are  exceedingly  meager,  the  Murphy  branch  of  the  Atlanta, 
KiToxville  and  Northern  Railway  being  about  the  only  outlet.     For 
this  reason  the  few  farming  products  that  are  raised  can  not  be 
transi)orted  economically  to  the  populated  districts,  so  that  there  is 
little  incentive  to  agricultural  pursuits.     The  greater  portion  of  the 
grain  raised  is  made  into  moonshine  whisky,  and  the  summer  apples 
are  largely  used  for  apple-jack.     Wheat,  cabbages,  Irish  potatoes, 
and  the  hardier  fruits  grow  well. 

The  miuei'al  resources  are  practically  untouched  and  comparatively 
unknown,  but  they  are  evidently  important  and  varied.  Gold,  corun- 
dum, asbestos,  marble,  talc,  kaolin,  ocher,  iron,  and  mica  are  known 
to  exist.  The  whole  region  is  sparsely  inhabited.  Water  pow^ei-s  are 
very  numerous,  though  few  are  developed,  and  most  of  these*  on  onl}' 
a  small  scale,  for  gristmills  and  sawmills.  The  large  undeveloped 
powers  on  the  lower  parts  of  the  streams  are  well  distributed  and  aiv 
very  valuable  for  manufacturing  purposes.  After  the  rivers  leave 
the  mountain  region  and  flow  across  the  broad,  elevated  plains,  lar^e 
falls  frequently  occur,  some  of  which  have  in  recent  years  l>een 
developed  and  have  proved  to  be  most  lucrative  investments. 

The  results  of  the  measurements  upon  the  streams  in  this  region 
are  given  in  the  following  tables,  arranged  in  chronologic  oixler:'" 

Discharge  meamiremejits  of  tributaries  of  Tennessee  River  north  of  Hiwassee  River, 


Dat4). 

Stream. 

1901. 
Feb.  18 

Feb.  19 
Do... 

Feb.  20 

C-onassnga  Creek... 

Tellico  River 

Little  Tennessee 

River. 
Little  River 

Feb.  2i 

West  Fork  of  Little 
Pipreon  River. 

Locality. 


Near  Cambria,  Tenn. 


\k  miles  above  month 

^  mile  below  month  oi  Tellico 
River. 

1  mile  above  month 

At  bridge  just  above  month. . 


Hydros^apher. 


B.  H.  Hall  and 

assistants. 
do 


...do 


.do 
.do 


Gage       Dh 
heifcnt.  charvrr^. 


Feet, 


Sec 


3.10 


ft. 


•In  making  the  measurements  recorded  in  these  tables  bench  marks  were  ostaUished  aiiti 
measurements  were  made,  by  means  of  a  steel  tape,  of  the  distance  from  the  bench  mark  to  tn^ 
Bnrf  ace  of  the  water.  An  increase  in  the  gage  height,  therefore,  means  a  lowering  of  the  wa:«T 
surface  and  a  corresponding  decrease  in  the  discharge  of  the  stream,  the  reverse  of  the  rt>!sulti^ 
at  the  regular  stations  of  the  Survey,  where  gages  are  installed  and  where  an  incrcafle  in  gag«* 
height  represents  an  increase  in  the  discharge  of  the  stream. 
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Discharge  measurements  of  tributaries  of  Tennessee  River  north  of  Hiwassee 

River — Continaed. 


Date. 


1901. 
Feb.  21 


Feb.  22 

Do.. 
Feb.  23 

Apr,    3 

Do... 

Apr.    4 


Sept.  11 
Nov.   4 

Do... 


Stream. 


Locality. 


I 


Little  Pigeon  River .  i 


East  Fork  of  Little 
Pigeon  River. 

Cosby  Creek 

cBig  Pigeon  River.... 

Tellico  River 


At  bridge  jnst  above  Junction 
with  west  Fork  of  Little 
Pigeon. 

Near  mouth 


Little  Tennesnee 

River. 
Little  River 


Collins  River 

Little  Tennessee 

River. 
Tellico  River 


At  mouth 

At  bridge  above  mouth  of 

Cosbv  Creek. 
At   bridge    \k    miles   above 

mouth. 
MoGhee,Tenn 


Halfway  between  Louisville 
and  Knoxville,Tenn.,at  A., 
K.  and  N.  Ry.  bridge. 

McMlnnvllle.  Tenn 

McGhee,  Tenn 


At    bridge   If    miles   above 
mouth. 


Hydrographer.   Ij^^g^^ 


O 


DlB- 

Icharge. 


B.  M.  Hall  and 
assiBtants. 


do 

do 
do 


...do 
...do 
...do 


do 
do 


.do 


B'ett. 


2.00 
2.50 


B  Estimated. 
Discharge  measurements  of  Hivxissee  River  and  tributaries. 


Sec.-ft. 

m 

•30 

60 

778 

2,580 

30,536 

2,012 


310 
2,675 

180 


Date. 


Stream. 


1901. 
Jan.  10 

Do... 
Jan.  11 

Do... 

Do... 
Jan.  12 

Do... 

Do... 

Do... 
Do... 

Jan.  14 
Do... 
Do... 

Do  .. 

Do... 
Jan.  15 
Do... 
Do... 
Do... 

Do... 
Jan.  16 

Do... 
Jan.  17 

Jan.  18 
Jan.  21 

Do... 
Do... 
Jan.  22 

Jan.  24 

Do... 
Jan.  25 
Jan.  26 
Aug.  10 

Aug.  20 
Do... 


Stanley  Creek 


Big  Creek 

Koontootly  Creek 

Toccoa  River 

Skeenah  Creek  . . . 

Rock  Creek 

Cooper  Creek 

Toccoa  River 


Mill  Creek... 
Toccoa  River 

Suches  Creek 
Toccoa  River. 
Coosa  Creek  . . 


Nottely  River 


Butternut  (^reek ... 
Arququah  Creek  ... 

Town  Creek 

Stink  Creek 

Nottely  River 


Wolf  Creek 

Young  Cone  Creek 

Ivy  Log  Creek 

Nottely  River 


Brasstown  Creek. 
Hiwassee  River . . 


Bell  Creek 

Hightower  Creek 
Hiwassee  River  . . 


Hemptown  Creek. 


Hothouse  Creek. 
Qreasy  Creek.... 

Okoee  River 

Toccoa  River 


Williams  Creek. 
Nlckle  Creek... 


Locality. 


1  mile  above  mouth 


Near  month 

At  foot  log  k  mile  from  month. 

At  Van  Santas  bridge 

I  mile  above  mouth 

Near  mouth 

Bridge  1  mile  above  mouth 

\\   miles  above   mouth  of 

Cooiier  Creek. 

At  mouth 

Just  above  mouth  of   Mill 

Creek. 

Near  mouth 

Jnst  below  Suches  Creek 

Bridge  about  21  miles  from 

mouth. 
Bridge  U  miled  from  Blairs- 

vilie,  Qa. 
Just  below  bridge  at  mouth. . 

At  Choestoe  road 

\  mile  from  mouth 

1  mile  above  mouth 


At  foot  log  Just  above  mouth 
of  Stink  Creek. 

On  Houth  side  of  Nottely  River 

1  mile  above  mouth 

i  mile  above  mouth 

At  Thompson's  bridge  at  Ivy 
Log,  Ga. 

At  bridge  near  mouth 

Jnst  above  mouth  of  High- 
tower  Creek. 

At  mouth 

Near  mouth 

Bridge  U  miles  below  Hi- 
wasnee,  Qa. 

Just  above  mouth  of  Young- 
stone  Creek. 

About  3  miles  above  mouth. . . 

Near  mouth 


.do 
.do 
do 
do 
do 
do 

-do 
.do 

do 
-do 
-do 

do 

.do 
do 
do 

to 

do 

do 

do 

.do 

do 
do 

.do 
do 
do 

.do 

do 

do 

Parksville,  Tenn i  — do 


Hydrographer. 


a  M.  Hall  and 
assistants, 
do 


li  miles  south  of  Gaddistown, 

Ga. 
\  mile  south  of  Gaddistown, 

Ga. 
i  mile  south  of  Gaddistown, 

Ga. 


.do 
do 
do 


Qage      Dis- 
height.  charge. 


Feet. 


5.06 


1.45 


1.2U 


8ec.-ft. 
40.0 

86.0 
207.0 
2,475.0 
109.0 
132.0 
387.0 
396.0 

122.0 
43.0 

64.0 

175.0 

75.0 

450.0 

32.0 
40.0 
85.0 
48.0 
131.0 

55.0 

04.0 

33.0 

616.0 

149.0 
152.0 

24.0 
116.0 
306.0 

150.0 

75.0 

88.0 

1.602.0 

67.4 

23.8 

12.8 


IRR  63—02- 
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Discftarge  mecLsurementa  of  Hiwasaee  River  and  tributaries — Continned. 


DaU;. 

1901. 
Aug.  '£) 

Do    . 

Do.. 

Do... 
Do... 

Aug.  2\ 

Do. . 

Do 

Do  .. 
Do  .. 

AnK.23 
Do  . 

AuR.26 
D«)  .- 
Do  -. 
Do  .- 
Do  .. 
Do    . 

Aug.  27 

Do  .. 

Aug  21 
Auis.  22 


Stream. 

To<*<«>H  River - 
Suches  l^reek . 
Coopor  Creek. 


Locality. 


Hydrographer.    b^l^STt'clSJ?. 


Mulky  CrtHjk 

Nottely  River 

Christopher  Oeek. 

Arqnqnah  Oeek . . . 

Poun  Creek 


Stink  Creek  .   . 
ChoeHtoe  C*reek 


Miller  (!reek  

Brasstown  ( )reek . . 
Long  Bullet  Creek 

Hog  Creek 

H1wafiMe«)  River . . . 

Fodder  Creek 

Hiwassee  River . .. 

Cinth  Creek 

Hiwasaee  River  . . . 
Owl  Oeek 


do 

do 
do 


..do 
.  .do 
...do 


Fightingtown  Creek 
Weaver  Creek 


i  mile  southeast  of  QaddiH- 

town,  Oa. 
1  mile  northeast  of  Qaddis- 

town,  6a. 
Near  fork  between  Gaddis- 

town  and  Blairsville,  Ga. 

do 

1  mile  southwest  of  Blairs- 

▼ille,  Ga. 
2^  miles  southeast  of  Blairs- 

▼ille,  QtL. 
3l  miles  southeast  of  Blairs- 

ville,  Ga. 

0  miles  southeast  of  Blairs- 
ville.  Ga. 

Near  Choestoe,  Ga 

5^  miles  southeast  of  Choe- 

stoe,  Ga. 
}  mile  northeast  of   Blairs- 

ville,  Ga. 
li  miles  southwest  of  Young 

Harris,  Ga. 
3  miles  northwest  of  Hiwas- 

see,  Ga. 
1|  miles  northwest  of  Hiwas- 

see,  Ga. 

1  mile  northwest  of  Hiwas- 

3  miles  southeast  of  Hiwas- 

3  miles  north  of  Mountain 
Scene,  Ga. 

2  miles  north  of   Mountain    do 

Scene,  Ga. 

I  mile    north   of   Mountain 

Scene.  Ga. 
1   mile    north  of   Mountain 

Soene,  Ga. 
8  miles  from  mouth 

3  miles  from  mouth 


B.  M.  Hall  and 

assistants. 
...do 


FeeL 


do 
do 

do 

do 

do 

do 

do 

do 

do 


do 
do 


do 
do 


Sec- ft 
147.6 

144  0 

251.0 

TTvO 

165.  n 
39.1 
96.0 

•IV.O 

IC  0 
lO'.u 

«7.0 

•36.0 
42.0 

l.iW  0 
110.7 

S9.S 

92.0 
87. 1 

97.0 


»  Estimated. 


Disdiarge  measurements  of  Duck  and  Elk  rivers,  Tennessee. 


Date. 


Stream. 


Locality. 


Hydrographer.     ^^^ 


19U1. 

Feb.    9  Duck  River Columbia,  Tenn  .-. 

Do    .  Elk  River Fayetteville,  Tenn 

Apr.  19  Duck  River Columbia,  Tenn  ... 


Max  Hall 

do.... 

do.... 


Sec  ft. 
2.41H 
1,S> 
9.51M 


Discharge  measurements  of  tributaries  of  Savannah  River, 


Date. 


Stream. 


1901.     ' 
Apr.  24  ,  Rocky  River. 


Aug  12  I do 

AuK- 13     Little  River 


Sept.  30    Stekoa  Creek 

Do  ..|  Mill  Creek... 

Oct.   19     Tiger  Creek  . 


Locality. 


5^  miles  northwest  of  Cal- 
houn Falls,  S.  C. 

do 

5  miles  west  of  Calhoun  Falls, 
S.C. 

2  miles  south  of  Clayton, Ga.. 

do : 

Tallnlah  Falls,  Ga.,  i  mile 
above  mouth. 


Hydrographer. 


Oase  I    IMS 
,  neigh  t.  ^chairge. 


B.  M.  HaU   and 
assistanta. 

do 

do 


F^t. 


1.35 


.do 
.do 
.do 


Sec- ft 
546  0 

44?<.0 
1U7.U 

n.o 

15LU 
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Discharge  measurementa  of  Flint  Biver  arid  trxbutariea. 


Date. 


1901. 
Mar.    9 

Do  . 

Do 
Mar.  26 

Do  . 
Apr.  17 
Apr.  18 

Do.. 
July  18 
July  19 


Stream. 


Locality. 


Elnchaf oonee  Creek 
Muckalee  Creek 


Albany,  Gki 

U  miles  above  mouth 

Blue  Spring  Creek . .  |  4  wilos  below  Albany,  Oa 

Kinchaf oonee  Creek  I  Albany.Ga 

Muckalee  Creek I do 

Flint  River ,  1  mile  south  of  Montezuma,  Ga 

Kinchaf  oonee  Oeek  !  Albany,Ga 

Muckalee  Creek | do 

Flint  River i  U  miles  east  of  Montezuma,  Ga 

Elnchafoonee  Creek    Near  Albany,  Ga 

Muckalee  Creek I do 


Hydrofirrapher. 


B.M.HaU.... 

do 

do 

F.  A.  Murray 
do 


do 
.do 
do 
do 
do 
.do 


Dto- 

charge. 

Sec-ft. 
1,208 
1,777 
96 
1,990 
3.244 
5.009 
1.741 
2,000 
2,896 
714 
1,001 


Discharge  measurements  of  Chattahoochee  River  and  tributaries  in  Georgia, 


Date. 


1901. 
Jan.    7 

May  16 
June  25 

Oct.  24 


Stream. 


Nancys  Creek 

Sweetwater  Creek . . 
Chattahoochee  River 

Baldridge  Creek 


Locality. 


7  miles  northeast  of  Atlanta, 
on  Peachtree  road. 

Austell,  Ga 

3|  miles  northwest  of  Gaines- 
ville, Ga. 

Near  Buford,  Ga 


Hydrographer. 


J.  C.  Conn 

K.  T.  Thomas 
F.  A.  Murray. 

Max  Hall 

^1 


Discharge  measurements  of  Chattahoochee  River  and  tributaries. 


Dis- 
charge. 


Sec'ft 
45.9 

188.0 
l,a06.O 

23.6 


Date. 


1901. 
Jan.  12 

Do... 
Do... 
Jan.  13 

Do... 

Do.. 

Do.. 

Do... 
Jan.  14 

Do... 

Do  .. 
Jan.  15 

Do... 

Do... 

Do... 

Do... 
Jan.  16 

Do.. 

Do.. 
Do.  . 
Ang.  17 

Do... 
Aug.  19 
Aus.  29 

Do... 

Do... 
Aug.  30 
Aug.31 

Do... 


Stream. 


Yahoola  ditch 


Locality. 


1  mile  east  of  Dahlonega,  Ga. 


Yahoola  Creek 

Chestatee  River 

East  Fork  of  Tessan 

tee  Creek. 

Dukes  Creek 

Chattahoochee  River 

Bean  Creek 

Chickamauga  Creek 

Soque  Rivnr 

Shoal  Creek 

Soque  River   

Hazel  Creek 

Whites  Creek 

North    Prong    of 

Mossy  Creek. 
South    Prong  of 

Mossy  Creek. 

Flat  Creek 

East  Prong  of  Little 

River. 
West  Prong  of  Lit-  i 

tie  River. 

Wahoo  Creek 

Chestatee  River 

Yahoola  Creek 

Tate  Creek 

Cane  Creek 

Santee  Creek 

Chattahoochee  River 
EastTessantee  Creek 

Chestatee  River 

Crooked  Creek 

Chestatee  River 

Yellow  Creek 


2  miles  east  of  Dahlonega,  Ga 

6  miles  east  of  Dahlonega,  Ga 

3  miles  northeast  of  Cleveland,  Ga. 


li  miles  southwest  of  Nacoochee,  Ga. 

Nacoochee,  Ga 

1  mile  east  of  Nacoocbee,  Ga 

3i  miles  northeast  of  Nacooohee,  Qa. 

4  miles  south  of  Soque,  Ga 

i  mile  above  mouth 

i  miles  south  of  Soque,  Ga 

Demorest,  Ga 

7  miles  west  of  Demorest,  Ga 

Mossy  Creek,  Ga 


do. 


Olatlos,  Oa 

2i  miles  west  of  Glades,  Ga. 


4  miles  west  of  Glades,  Ga  . 


4  miles  east  of  Price,  Ght 

Newbridge,  Ga 

Bridge  1  mile  northeast  of  Dahlonega. 

Ga. 
1  mile  southeast  of  Porter  Springs,  Ga. 
3|  n:'les  northwest  of  Dahlonega,  Ga. 
^  mile  east  of  Santee,  Ga 

1  mile  west  of  Nacoocbee,  Ga 

2  miles  north  of  Cleveland,  Ga 

3  miles  southeast  of  Dahlonega,  Ga. . . 
2i  miles  southwest  of  Dahlonega,  Ga 

Newbridge,  Ga 

2  miles  southeast  of  Newbridge,  Ga  . . 


Hydrographer. 


B.  M.  Hall  and 
assistants. 

...do 

....do 

....do 


.do. 

.do. 

do 

do. 

do. 

do. 

do. 

.do. 

-do. 

do. 

.do 

.do 
.do. 

.do 

.do. 

.do 

.do 

.do 

.do 

do 

.do 

do 

do 

-do 

.do 

-do. 


Dis- 
charge. 


Sec.-fl. 
39.5 

300.2 

1,477.1 

10.3 

2B6.2 

424.0 

12.3 

109.8 

132.0 

50.1 

202.2 

94.8 

38.2 

51.1 

25.0 

22.5 
36.4 

52.4 

89.0 
717.2 
241.0 

as.  6 

40.6 

816.8 

e05.6 

27.8 

744.1 

9.0 

1,141.3 

41.0 
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Discharge  measurements  of  Etowah  River  and  tributaries. 


Date. 


1901. 
Jan.    7 

Jan.  8 
Do  .- 

Do  .. 

Do  . 
Do  .. 

Do  - 

Do  . 
Jan.    9 

Do  .. 
Jan.  10 

Do  .. 

fan.  11 
Do    . 

Jan.  17 
Do  .. 

Jan.  18 
Do  . 

Jan.  19 

Aug.  31 


Stream. 


Willieo  Creek. 


Coopers  Sandy  Creek 

South  Prong  of  Lit- 
tle River. 

North  Fork  of  Lit- 
tle River. 

Smithwlck  Creek  . .. 

Buzzard  Flopper 
Creek. 

Boardtree  Creek 

Settingdown  Creek . 

Etowan  River 

Yellow  Creok 

Amicalola River  ... 

Eaat  Amicalola 
River. 

Nimblewill  Creek... 

Etowah  River 

Cogbwrris  Creek 

Etowah  River 

Settingdown  Creek  . 

Boardtree  Creek 

Willieo  Creek 

Etowah  River 


Locality. 


i  mile  above  month 


1  mile  north  of  Crabapple,  Ga 

2  miles  south  of  Freemansvilltf,  Ga. 

2  miles  north  of  Freemansville,  Q%. 


h  mile  east  of  Orange,  Ga  . 
3  miles  east  of  Orange,  Gki. 


1  mile  south  of  Creighton,  Ga 

Creighton,Ga 

i  mile  north  of  Hightower,  Ga 

0  miles  northeast  of  Hightower,  Ga 

Afton,  Ga 

Weir,  Ga 


1  mile  south  of  Randa,  Gte 

5f  miles  east  of  Randa,  Ga  — 

U  miles  above  month 

Hightower,  Ga 

i  mile  above  mouth 
mile  south  of  Creighton,  Gkt. 
i  mile  above  mouth 
mile  west  of  Aurarlai  Ga — 


Hydrographer. 


Dis- 


a  M.  Hall 
assistants. 

.....do 

....do 


and 


.do 

do 
do 

do 
-do 
do 
.do 
.do 
.do 

.do. 
do. 
.do 
.do 
.do 
.do 
do 
.do 


Sec'ft. 

»L1 

9.0 
21.5 

13.4 

?.8 
6.5 

7.2 
74.0 

512.4 
38.0 

16S.4 
58.3 

383.3 

1.881.0 

14.6 

676.1 

178.3 

9.8 

81.0 

ira.0 


Discharge  measurements  of  CahaJba  River  and  tributaries. 


Date. 


1901. 
Jan.  28 
Jan.  29 
Mar.  28 

Do  .. 
Mar.  29 

Do  .. 
Apr.  25 


Stream. 


Hawkins  Spring. . 

Cahaba  River 

Valley  Creek 

Blocton  Creek 

Cahaba  River 

Buck  Creek 

Cahaba  River 


Locality. 


i  mile  from  Hawkins  Station 

Sydenton,  Ala 

Adjers  Station,  Ala 

Blocton,  Ala 

i  mile  south  of  Sydenton  Station,  Ala 

i  mile  above  mouth 

2  miles  east  of  Harrell,  Ala 


Hydrofnrapher. 


K.T.Thomas .. 

do 

J.R.Hall 

do 

do 

do 

do 


I    Dis- 
'charge. 

Sec-ft. 

15.8 

549.0 

878.0 

107.0 

1.117.0 
1T9.0 

6.560.0 


Discharge  measurements  of  Tombigbee  River  and  tributaries. 


Date. 


1901 
Feb. 
Feb. 
Mar. 
Mar. 
Apr. 
Apr. 
June  26 
Oct.  31 


16 
18 
7 
11 
15 
16 


Stream. 


Tombigbee  River 
Luzapelila  Creek 
Yalabusha  River . 
Luzapelila  Creek 
Big  Black  River  . . 
Luzapelila  Creek 

do 

do 


Locality. 


Waverly,  Miss 

Columbus,  Miss 

Grenada,  MIhs 

Columbus,  Miss 

1  mile  east  of  Goodman,  Miss 

Columbus,  Miss 

do 

do 


Hydrographer. 


K.  T.  Thomas, 
do 


.do 
.do 
.do 
.do 
do 
.do 


,    Dis- 
charge. 

Sec/t. 

6,136 

957 

1,336 

2,4SB 

614 

873 

109 

136 


DiscJuirge  measurements  of  tributaries  of  Mississippi  River, 


Date. 


1901. 
Feb  14 
Feb.  15 


Stream. 


Sunflower  River  .. 
Sakatouchee  River 


Locality. 


Baird,  Miss 

Mhoon  Valley,  Miss. 


Hydrographer. 


Dis- 
charge. 


K.  T.  Thomas. 
do 


Sec. 


6S0 
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Discharge  measurements  of  Tallapoosa  River  and  tributaries. 


Date. 


1901. 
Jan.    7 
Feb.  11 

Do.. 
Feb.  18 

Do.. 
Feb.  27 
lAar.   6 
Mar.  U 
Mar.  12 

Do.. 

Do.. 

Do  .. 
Mar.  13 
Do  .. 
Do  .. 


Do.. 
Do. 
Oct.  21 
Do.. 


Stream. 


Tallapoosa  River 

WindCreek 

Saugahatchee  Creek 

Blue  Creek 

Chenehatchee  Creek 

Kowaliga  Creek 

Emackiaw  Creek  . . . 

Moores  Creek 

Ghattabaapa  Creek . . 

Cohoasoncsa  Creek. . 

Higbpine  Creek 


Beaverdam  Creek. 
Combonae  Creek . . 

Wildcat  Creek 

Tallapoosa  River.. 


Crooked  Creek  — 
Hurricane  Creek.. 
Tallapoosa  River.. 
do 


LocaUty. 


2  miles  from  Tallapoosa,  Gki 

About  4  miles  above  montb 

Thaddeus,Ala 

i  mile  from  Susanna,  Ala 

8  miles  above  mouth 

Kowaliga,Ala 

NearZanaP.  C.Ala 

Vk  miles  north  of  Dudley ville,  Ala  ... . 

1  mile  south  of  PatiUos  crossroads, 
Chambers  County,  Ala. 

2i  miles  below  and  west  of  Milltown, 
Ala. 

i  mile  south  of  Chambers  and  Ran- 
dolph County  line. 

Imile  north  of  Lovina,  Ala 

Near  Level  Roads,  Ala 

Near  Gay  P.  O.,  Ala 

About  3  miles  below  confluence  of 
Bis  and  Little  Tallapoosa  rivers,  at 
Blakes  Ferry. 


1  mile  north  of  Almond,  Ala 

Near  Tallapoosa,  Ga 

do 


Hydrogrrapher. 


Max  Hall 
J.  R.  Hall. 

do.... 

do.... 

do.... 

do.... 

do.... 

do.... 

do 


do 

.do 

do 

do 

do 

.do 


do.... 

do...- 

MaxHall 
do.... 


Dis- 
charge 


Sec. 


m 

66 
463 
117 

80 
164 
118 

28 
208 

122 

80 


80 
81 
32 

2,400 


183 
20 

119 
96 


Discharge  measurements  of  tributaries  of  Coosa  River  in  Alabama, 


Date. 

Stream. 

LocaUty. 

Hydrographer. 

Dis- 
charge 

1901. 
Apr.    6 

Choccoloeoo  Creek .. 
Big  Wills  Creek 

...r.do 

U  miles  north  of  Jenifer,  Ala 

2  miles  north  of  Attalla,  Ala 

J  R  Wall 

Sec.'ft. 

T,m.o 

Oct    16 

F.  A.  Murray  — 
do 

107.3 

Do  .- 

do  ......... -. - 

106.8 

Discharge  measurements  of  tributaries  of  Oostanaula  River. 


Date. 


1901. 
Jan.    7 

Do  .. 
Jan.    8 

Do.. 

Do.. 
Jan.  0 
Jan.  28 

Do  .. 

Do  .. 

Jan.  29 

Do  .. 

Do  -. 

Do  .. 

Do.. 

Do  .. 

AU2.19 


Stream. 


M  ountaintown 
Creek. 

BUIjay  River 

Cartecay  River 

do 

Anderson  Creek 

Tlckanetley  River  . . 
Jacks  River 


Conasauga  River 

Sheets  C^reek 

Sumach  Creek 


Su- 


3u- 


North  Prong  of 

mach  Creek. 
South  Prong  of 

mach  Creek. 

MIU  Creek 

Holly  Creek 

Rook  Creek 

Talking  Rock  Creek 
Talona  Creek 


Locality. 


3i  miles  from  Ellijay,  Gkt. 


Ellijay,  (H, 

do 

Cartecay,  Qa 

1  mile  aoove  mouth 

1  mile  above  month  of  Anderson  Creek 
Near  its  junction  with  Conasauga 

River. 
1  mile  above  mouth  of  Jacks  River. .. 

Just  above  mouth 

At    junction  of  North   and  South 

prongs. 
Near  junction  of  North  and  South 

prongs. 
do 


Near  Dunn,  Ga 

Near  Fast  Mountain,  Ga 

Ramsay,  On 

Talking  Rock,Ga 

i  mile  above  mouth 


Hydrographer. 


B.  M.  Hall   and 

assistants. 
do 


do 

do 

do 

.do 

.do 

do 
.do 
.do 

.do 

.do 

do 
.do 
.do 
do 
.do 


Dis- 
charge 


Sec.ft. 
162.0 

165.0 
250.0 
207.0 
37.0 
48.5 
186.0 

119.0 
12.0 
68.3 

19.8 

88.5 

41.8 
107.0 

41.0 
215.0 
714.0 
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A. 

Abbe.  Cleveland,  jr. ,  acknowledgments  to  11 
Agrlcnltnre,  extent  and  character  of —  39,41 

Amicalola  River,  measurement  o : 180 

Anderson  Creek,  measurement  of 181 

Ararat  River,  features  of IflO 

measurements  of 1G4 

Arququah  Creek,  measurements  of 177,178 

Atcheeon  Creek,  measurements  of 62 

Avery  Creek,  measurement  of 128 

B. 

Bald  Creek,  measurements  of 100 

Bald  Mountain  Creek,  measurements  of.  109 

Baldridg^  Creek,  measurement  of 179 

Balds,  occurrence  and  character  of 20-21 

Balsam,  occurrence  and  character  of 26 

P«^ia*Tn  flr  ( wind-dwarfed ) ,  view  showing  26 

Balsam  Mountains,  features  of 13 

highest  peaks  in 14 

Bark  industry,  extent  and  injury  of 26 

Bean  Creek,  measurement  of 179 

Bell  Creek,  measurement  of 177 

Bear  Creek  (Middle  Fork  Holston),  fea^ 

turesof 77 

measurements  of TZ 

Bear  Creek  (Nolichucky ),  measurements 

of 108 

Bear  Creek  (North  Toe),  water  powers  of  113 

Beaver  Creek  (New),  measurement  of. . .  172 

water  power  on 173 

Beaver    Creek   (Nolichucky),   measure- 
ments of 108 

Beaver  Creek  (North  Toe),  water  powers 

of 113 

Beaverdam  Creek  (French  Broad),  fea- 
tures of  135 

measurements  of 128 

Beaverdam  Creek  (Laurel  Fork  Holston), 

featurcsof 65-66 

Beaverdam  Creek  (South  Fork  Holston), 

measurements  of 62 

Beaverdam  Creek  (Tallapoosa),  measure- 
ment of  181 

Beaverdam  Creek  (Watauga),  features 

of 92-98 

measurements  of 86 

Beech  Creek,  features  of 92 

measurements  of 86 

Beidelmans  Creek.    See   Sinking  Creek 

(Holston). 

Biff  Creek  (French  Broad),  features  of . . .  129 

Big  Creek  (Hiwassee),  measurement  of. .  177 
Big  Creek  (Nolichucky),  roeasurement-s 

OKa >••••••••• ■•••••■•«>••   ............  lUv 
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Big  Black  River,  measurement  of 180 

Big  Bugaboo  Creek,  measurement  of 164 

Big  Dry  Run,  measurement  of 86 

Big  Elkin  River,  features  of 1 :7-168 

measurements  of 164 

Big  Ivy  River,  measurements  of 128 

Big  Laurel  Creek  (French  Broad),  fea- 
tures of i:)0-131 

measurements  of 128 

Big  Laurel  Creek  (New),  measurements 

of 174 

Big  Pine  Creek,  features  of 131 

measurements  of 128 

Big  Pigeon  River,  measurement  of 177 

Big  Rock  Oeek  (Nolichucky),  m^^asurc- 

mentsof KJS 

Big  Rock  Creek  (North  Toe),  features 

of 113-114 

Big  Wills  Creek,  measurements  of 181 

Black  Mountains,  features  of 13 

highest  peaks  in 15 

lumbering  in 28 

name  of,  derivation  of 21 

view  in 30 

Blevins  Creek,  measurement  of 86 

Blocton  Creek,  measurement  of 180 

Blowing  Rock,  N.  C,  escarpment  of  Blue 

Ridge  at,  view  showing 16 

Blue  Creek,  measurement  of 181 

Blue  Ridge,  escarpment  of,  view  of 16 

features  of 12-1:),  17 

rivers  rising  in 17 

Blue  Spring  Creek,  measurement  of 179 

Board  tree  Creek,  measurements  of 180 

Boone  Fork  of  Watauga  River,  features 

of 94-95 

measurements  of 86 

Bowlems  Creek,  measurements  of 100 

Boylston  Creek,  measurement  of 128 

Branch, L.  v., acknowledgments  to 11 

Brasstown  Creek,  measurements  of 177,178 

Broad  River,  drainage  basin  of Kfi)-140 

features  of 19 

forests  in  ba.<dn  of 140 

measurements  of 141 

minerals  in  basin  of 140 

rainfall  in  basin  of 140 

tributaries  of,  features  of 143-146 

tributaries  of,  measu  reinen ts  of 143 

water  powers  of 142 

Brown  Oeek,  measurements  of 100 

Brush    Creek    (Nolichucky),    measu re- 

mentsof 108 

Brush  Creek  ( Watauga),  features  of 87 

measurements  of 85 

183 


184 
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Bmshy  Fork  of  Cone  Creek  (Watanga), 

measurement  of 86 

Buck  Creek  (Cahaba),  measurement  of..  180 
Buck  Creek  (Catawba),  features  of....  152-153 

meaaurements  of 151 

Buffalo  Creek  (Broad )«  measurement  of.  143 

Buffalo  C^reek  (New\  measurements  of.  174 

Buffalo  Creek  (  Watauga),  features  of  . . .  87-88 

measurements  of 85 

Buncombe  Counter,  N.  C,  features  of..  118-UO 

Butternut  Creek,  measurement  of 177 

Buszard  Flopper  Creek,  measurement  of  180 

Byars  Oeek,  features  of 75-76 

measurements  of 73 

C. 

Cahaba  River,  measurements  of 180 

tributaries  of,  measurements  of 188 

Cane    Branch   (Nolichucky),    measure- 
ments of 100 

Cane  Creek  (Broad ),  measurement  of 143 

Cane  Creek  (Catawba),  features  of 156 

measurements  of 151 

Cane  Oeek  (Chattahoochee),  measure- 
ment of 179 

Cane  Creek  (Nolichucky),  measurements 

of 108 

view  of 106 

Cane  Creek  (North  Toe),  features  Ot 113 

Caney  Creek,  measurement  of 128 

Caney  River,  features  of 114-115 

measurements  of 100 

Carlocks  Oeek,  features  of 75 

Cartecay  River,  measurements  of 181 

Catawba  River,  drainage  basin  of 147-148 

falls  on,  viewof 146 

features  of 19 

floods  in,  view  showing  effects  of 148 

flow  of,  minimum 160 

forests  in  basin  of 148 

hillside  wash  in  valley  of,  view  show- 
ing    148 

measurements  of 148-140 

rainfall  in  basin  of 148 

tributaries  of ,  features  of 15S-158 

tributaries  of,  measurements  of 151-152 

water  powers  of 150-151 

Catawba  River,  North  Fork,  features  of.  153 

measurements  of 151 

Cathey  Creek  (Broad),  measurement  of. .  143 
CatheyOeek  (French  Broad), measure- 
ment of 128 

Cattail  Branch,  measurements  of 109 

C3edar  Creek,  features  of 74 

measurement  of 73 

Outer  Oeek,  features  of 158 

Chattahaspa  Creek,  measurement  of 181 

Cbattahoochee  River,  measurements  of  .  179 

tributaries  of,  measurements  of 170 

Cheever  Improvement  Company,  forests 

owned  by  ..*. 29 

(yhenehatchee  Oeek,  measurement  of . . .  181 

Chestatee  River,  measurements  of 179 

Chestnut,  occurrence  of 27 

Chickamauga  Oeek,  measurement  of 179 

Chilhowie  Creek,  features  of 75 

Choooolocoo  Creek,  measurement  of 181 


CHioestoe  Creek,  measurement  of 178 

Christopher  Creek,  measurement  of 178 

Cinth  Creek,  measurement  of 178 

Clay  dejKMits,  views  showing .  .. 34 

Clear  Creek,  features  of ISS 

measurements  of 151 

Climate,  features  of S-33 

Cllngman,  Gtoneral,  quoted 31 

Cloudland,  N.  C. ,  features  of 113-114 

Cocke  County,  Tenn.,  features  of 121-123 

(Jogbunis  Creek,  measurement  of 180 

Cohoasoncsa  Jreek,  measurement  of 181 

Colbert  Oeek,  measurements  of lOB 

Collins  River,  measurement  of 177 

Conasauga  Creek,  measurement  of 176 

Conasauga  River,  measurement  of 181 

Conn,  J.  C,  acknowledgments  to II 

Cooper  Creek,  measurements  of 177, 178 

Coopers  Sandy  Creek,  measurement  of. .  180 

Coosa  Oeek,  measurement  of 177 

Coosa  River,   tributaries  of,   measure- 
ments of Ml 

Oomhouse  Creek,  measurement  of 181 

Cosby  Oeek,  measurement  of 177 

Cove  Creek  (Broad),  measurements  of. . .  143 

Cove  Oeek  ( Watauga),  features  of 9B-M 

measurements  of 86 

Cowee  Mountains,  features  of 13 

Crabtree  Oeek  (Nolichucky),  measure- 

mentsof 108 

Crabtree    Creek    (North    Toe),    water 

powers  of 113 

Craggy  Range,  highest  peaks  in 15 

Cranberry  Oeek,  measurement  of 86 

Crib  Creek,  features  of 158 

measurements  of ISl 

Crooked  Creek  (Chattahoochee),  meas- 
urement of 179 

Crooked  Oeek   (TUlapooea),   measure- 

mentof 181 

Cullasagee  Creek,  N.  C. ,  falls  of,  view  of.  174 

Curtis,  N.  C,  acknowledgments  to^ II 

Curtis  Oeek,  measurements  of 151 

D. 

Dam,  splash,  view  of 106 

Dark  Ridge  Creek,  measurement  of 86 

Davidson  River,  measurements  of 128 

Deforestation,  effects  of 29-30, 81-33, 58, 74 

effects  of,  views  showing 32, 84, 148 

Denton  Valley  Oeek,  features  of 61 

measurements  of 63 

Doe  Creek,  features  of 90 

measurements  of 86 

Doe  River,  features  of 88-^ 

measurements  of 85-86 

Doe  River  Valley,  view  of 88 

Drainage  basins,  map  showing 14 

Dry  Creek,  features  of ^ 53 

Duck  River,  measurements  of 178 

Dukes  Creek,  measurement  of 179 

Dutch  Creek,  features  of 94 

measurements  of 86 

East  Amicalola  River,  measurement  of . .  100 
East  Branch  or  Fork  of  any  ctream,  sm 
thestrvam. 
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Elk  Creek  (New),  measarements  of  —  170, 178 

water  power  on JT8 

Elk  Creek  (Watanga),  featoresof 91-8S 

measurementB  of S6 

view  of 90 

Elk  Creek  (Wataufra),  North  Fork.meas- 

nrementsof 86 

Elk  Creek  (Watauga),  Boath  Fork,  meas- 

nrementsof 86 

Elk  Creek  (Tadkln),  features  of 165 

measurements  of 164 

Elk  Falls,  N.C.,  view  of 00 

Elk  Fork  Creek,  measurements  of lOB 

Elk  River,  measurement  of 178 

Elk  Shoal  Creek,  measurement  of 109 

Ellijay  River,  measurement  of 181 

Empire  Company,  forests  of  and  lumber- 
ing by 27 

Emuckf  aw  Oeek,  measurement  of 181 

Enoree  River,  measurement  of 148 

Erosion,  extent  of 29,81-32 

effects  of,  views  showing 82,84,148 

Etowah  River,  measurements  of 180 

tributaries  of,  measurements  of 180 

F. 

Fall  Creek,  measurem«it  of 138 

Fifteenmile  Creek,  features  of 62 

measurements  of 68 

Flghtingtown  Creek,  measurement  of..  .      178 

Fires,  destruction  by 29-30 

First  Broad  River,  features  of 143-144 

measurements  of 143 

Fishdam  Creek,  features  of 68 

measurements  of 68 

Fisher  River,  features  of 168-169 

measurements  of 164 

Fish  Spring,  Tenn. ,  features  of 82 

Flannery  Fork,  measurements  of 172  ■ 

Flat  Creek   (Chattahoochee),  measure- 

mentof 179 

Flat  Creek  (French  Broad),  features  of.  134-136 

measurements  of 128 

FUnt  River,  measurements  of 179 

tributaries  of,  measurements  of 179 

Floods,  destruction  by 82-88 

effects  of 82-88 

effects  of,  view  showing 84, 106, 148 

Fodder  Creek,  measurement  of 178 

Fogey  Creek,  measurements  of 86 

Forests, destruction  of 26-27,28-29 

extent  and  character  of . . .  20, 21. 25-30, 82-83 

fires  in 29-30 

value  of 31-32 

views  showing 20,26 

Forge  Creek,  measurement  of 86 

Foun  Oeek,  measurement  of 178 

Fox  Creek,  measurements  of 170 

French  Broad  River,  drainage  basin  of.  116-123 

features  of 18-19 

measurements  of 124 

rainfall  in  basin  of 123 

streams  southwest  of,  features  of  ..  175-176 
transportation  facilities  in  basin  of  . .     124 

tributaries  of.  features  of 120^135 

tributaries  of,  measurements  of 127-128 
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French  Broad  River,  views  of 120, 124 

water  powers  of 126-127 

French  Broad  River,  Blast  Fork,  measure- 

mentof 128 

French  Broad  River,  Middle  Fork,  meas- 

urementof... 128 

French  Broad  River,  North  Fork,  meas- 

urementsof 127 

French  Broad  River,  South  Fork,  meas- 
urement of 128 

French  Broad  River,  West  Fork,  meas- 

urementsof , 128 

G. 

Gaging  stations,  location  of 86 

map  showing  location  of 14 

Gap  Oeek  ( New),  measurement  of 172 

Ghtp  Creek  (Watauga) ,  features  of 88 

measurements  of 86 

(Geology,  features  of 15-17 

Gneiss  (decomposed),  erosion  in,   view 

showing 82 

Grandfather  Mountain,  elevation  of 158 

featuresof 21-22,81-82 

forestsof 21,26 

views  of 22,26,38 

Grandmother  Mountain,  elevation  of 153 

Grassy  Oeek,  measurements  of 106 

Graves,  E.,  acknowledgments  to 11 

Greasy  Oeek,  measurement  of 177 

Green  River,  features  of 145-146 

measurements  of 143 

Grose  Creek,  featuresof 68 

measurements  of 63 

H. 

Hall,  B.  Bl,  acknowledgments  to 11, 175 

Hall,  J.  R.,  acknowledgments  to 11 

Hall,  M.,  acknowledgments  to 11 

Hall,  W.  E. ,  acknowledgments  to 11 

Halls  Creek,  features  of 75 

measurement  of 73 

Hard  woods,  occurrence  and  character  of .  26, 28 

Hatcher  Creek,  featuresof 65 

measurement  of •63 

Hawkins  Spring,  measurement  of 180 

Hayes  Creek,  featuresof 132 

Hazel  Creek,  measurement  of 179 

Helton  Creek,  features  of 175 

measurements  of 174 

Hemptown  Creek,  measuremen t  of 177 

Henderson  County,  N.  C,  features  of..  117-118 
Hensons  Creek  (NoHchucky),  measure- 
ment of 109 

Hensons  Creek  (North  Toe),  low- water 

flow  of 113 

water  powers  of 113 

Hickory  Nut  Creek,  measurement  of 143 

view  of 140 

Hickory  Nut  Gap,  N.  C. ,  view  of 140 

Highpine  Creek,  measurement  of 181 

High  tower  Oeek,  measurement  of 177 

Highways.    See  Roads. 

Hillside  slopes,  agriculture  on 29,80 

HiUside  wash.    See  Erosion. 
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Hi waaaee  River,  meArarements  of 177, 178 

tribataries  of,  meaflurements  of 177-178 

Hogr  Creek,  meastiremeiit  of 178 

Hofcthief  Creek,  featnreB  of 74 

measttremeDts  of 73 

Hofftrongh  Creek,  features  of 68-69 

measurements  of 63 

Hollins  Creek,  measurement  of 143 

Hollow  Poplar  Creek,  features  of 110 

measurements  of 108 

Holly  Creek,  measurement  of 181 

Holmes,  J.  A.,  acknowledgments  to 9, 11 

Holston  River,  agriculture  in  basin  of . . .       41 

drainage  basin  of 36-40 

features  of 18 

lumber  in  basin  of 41 

minerals  in  basin  of 41 

rainfall  in  basin  of 40 

transportation  facilities  in  basin  of..  41-42 
Holston  River,  Middle  Fork,  drainage 

basin  of 6^70 

measurements  of TO 

tributaries  of,  features  of 74-77 

tributaries  of,  measurements  of . . .  *. .       73 

water  powers  of 70-73 

Holston    River,  South    Fork,  drainage 

basin  of 4«-46 

f  idl  or  slope  of 42 

forests  in  basin  of 47 

measurements  of 48 

minerals  in  basin  of 47 

rainfall  in  basin  of 47 

transportation  facilities  iu  basin  of . .       47 

tributaries  of,  features  of 53-60 

tributaries  of,  measurements  of. . .  53, 62-63 

water  powers  of 48-^ 

Hominy  Creek,  measurements  of 128 

Horse  Creek  (New),  measurements  of...      174 
Horse    Creek    (Nolicbucky),    measure- 

mentsof 100 

Hothouse  Creek,  measurement  of 177 

Hot  Springs,  N.C.,  features  of 121 

Hungry  Mother  Creek,  features  of 76 

measurements  of 73 

Huntsdaie,  Tenn.,  development  of 28 

Hurricane  Creek,  measarement  of 181 

Huttons  Branch,  features  of 75 

measurements  of 73 

I, 

Indian  Creek,  features  of 54 

Ivy  Log  Oeek,  measurement  of 177 

Ivy  River,  features  of 132-133 

J. 

Jack  Creek,  measurements  of 108 

Jacks  River,  measurement  of 181 

Jacobs  Creek,  features  of 60 

measurements  of 53 

Jarrett  Creek,  measurement  of 151 

Jim  Scot  Branch,  measurements  of 63 

Jonah  Creek,  features  of 68 

measurements  of 53 

John  River,  features  of 157-158 

measurements  of 162 

Johnson  County  Cove ,  features  of 38 


K.  Page. 

Keith,  A., quoted  on  geology  of  region  ...  15-17 

quoted  on  soils  and  deforestation 31-3S 

Kentucky  Fork  of  North  Toe  River,  meas- 
urement of  100 

Kinchaf  oonee  Creek,  measurements  of  . .     179 

King  Creek,  measurement  of 128 

Kowaliga  Creek,  measurement  of 181 

Lu 

Laurel  Branch,  features  of 129 

Laurel  Creek,  features  of 98.M 

Laurel  Creek,  lower.    See  Lower  Laurel 

Creek. 
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Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  prepared 
by  Prof.  E.  C.  Murphy,  of  Cornell  University,  Ithaca,  N.  Y.,  giving 
the  results  of  investigations  made  by  him  into  the  accuracy  of  stream 
measurements  as  ordinarily  conducted  by  the  hydrographers  of  this 
Survey. 

Professor  Murphy  was  for  some  time  resident  hydrographer  for 
eastern  Kansas,  and  carried  on  in  the  field  measurements  of  several 
rivers,  being  thus  by  actual  practice  thoroughly  familiar  with  the 
operations  of  the  hydrographic  bi*anch  of  the  Geological  Surve}'. 
Upon  his  removal  to  Ithaca  Professor  Murphy  began  a  series  of 
exi)eriments,  using  the  facilities  offered  by  the  hydraulic  laboratory 
of  Cornell  University. 

While  the  methods  of  river  measurement  at  present  in  use  are 
believed  to  be  sufficiently  accurate  for  the  purposes  of  ascertaining 
the  water  resources  of  the  United  States,  yet  it  is  important  to  know 
their  probable  accuracy,  and  particularly  the  accuracy  of  the  instru- 
ments which  are  commonly  employed.  Through  such  knowledge  and 
experience  gained  from  time  to  time  it  will  be  possible  to  improve 
upon  the  methods,  in  the  interest  of  greater  exactness  or  wider  diffu- 
sion of  the  work. 

I  therefore  request  that  this  manuscript  be  published  in  the  series 

of  Water-Supply  and  Irrigation  Papers. 

Very  respectfully,  F.  11.  Newell, 

Hydrographer  in  Charge, 
Hon.  Charles  D.  Walcott, 

Director  United  States  Geological  Survey. 
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ACCURACY  OF  STREAM  MEASUREMENTS. 


By  Edward  C.  Murphy. 


FACTORS  COISTTROIiLING  ACCURACY  OF  STREAM  MEASURE- 
MENTS. 

The  accuracy  of  a  stream  measurement  depends  largely  upon  the 
accuracy  with  which  the  cross-sectional  area  and  the  velocity  are 
measured.  There  is  no  special  difficulty  in  measuring  the  first  factor, 
but  the  second  factor — the  velocity — is  very  difficult  to  measure,  chiefly 
for  the  reason  that  it  is  constantly  changing.  It  not  only  varies  from 
the  surface  to  the  bottom  and  from  one  bank  of  the  stream  to  the  other, 
so  that  it  is  necessary  to  measure  it  at  many  points,  but  it  is  constantly 
changing  at  every  point,  even  when  the  cross-sectional  area  and 
the  discharge  (and  consequently  the  mean  velocity)  remain  constant. 
Several  experimenters  have  observed  the  phenomenon  of  "  pulsation  of 
moving  water,"  and  a  few  have  tried  to  measure  it,  but  as  yet  little 
is  known  of  the  magnitude  and  frequency  of  the  pulsations  or  of  the 
laws  governing  them.  J.  B.  Francis  says:  ^  **  It  is  observed  that  there 
is  a  continual  change  in  all  parts  of  these  channels,  although  there 
may  be  no  sensible  change  in  the  volume  of  water  flowing  and  conse- 
quently in  tlie  mean  velocity."  Captain  Cunningham  says:  ^'  "  One  of 
the  most  important  conclusions  of  modem  experiments  is  that  the 
motion  of  water,  even  when  tranquil  to  the  eye,  is  extremely  unsteady, 
so  that  there  is  no  definite  velocity  at  any  point,  but  the  velocity  varies 
everywhere,  largely  from  instant  to  instant.  *  *  *  It  is  analo- 
gous to  the  unsteady  motion  of  wind,  which  is  exemplified  by  the 
swaying  of  wind  vanes  and  by  the  fluttering  of  pinions."  D.  F. 
Henry  says:^  *'A11  water  in  motion  has  an  intermittent  velocity, 
increasing  and  decreasing  according  to  some  undiscovered  law,''  and 
Henry  found  this  true  of  streams  of  all  sizes,  from  small  mill  races  to 
the  great  St.  Lawrence  River. 

A  knowledge  of  these  phenomena  is  evidently  of  vital  importance 
in  making  and  computing  stream  measurements.  If  only  a  few 
observations  of  velocity  are  made,  these  may  all,  or  nearly  all,  be 

» Trans.  Am.  Soa  Civ.  Eng.,  Vol.  VII,  p.  111. 

•>  Recent  Hydraulic  Experiments;  Proc.  Inst.  Civ.  Eng.,  Vol.  LXXI,  p.  7. 

c  Jonr.  Franklin  Inst.,  Vol.  LXII,  p.  aS3. 

11 


i 

I 


12  AOOUBAOT  OF  STREAM  M£ASUB£M£NT8.         [^o.6i. 

made  at  a  time  of  maximum  impulse,  and  thus  the  measured  mean 
velocity  be  too  large ;  or  it  is  possible  that  most  of  the  observations  may 
be  made  at  a  time  of  minimum  impulse,  and  thus  the  mean  velocity 
be  too  small.  They  also  have  an  important  bearing  on  the  kind  of 
instrument  best  suited  to  measure  the  velocity,  as  some — ^the  float  rod, 
for  example — ^give  the  velocity  of  a  single  impulse,  while  others,  as  the 
current  meter,  show  the  average  velocity  due  to  all  the  impulses 
during  the  observation. 

The  motion  of  water  in  an  open  channel  is  not,  however,  simply  a 
succession  of  impulses.  On  the  contrary,  it  is  exceedingly  complex, 
very  different  from  the  uniform  flow  in  parallel  straight  lines  that  is 
assumed  in  deriving  the  common  hydraulic  formulsB.  When  closel^^ 
observed  the  water  of  the  most  undisturbed  streams  is  seen  to  "  boil^' 
and  swirl  and  to  be  very  unsteady,  some  particles  moving  up,  others 
down,  others  across,  but  all  as  a  rule  having  a  general  motion  down- 
stream. 

The  accuracy  of  a  discharge  measurement  also  depends  much  upon 
the  physical  features  of  the  stream  at  the  discharge  section  or  x>oint 
of  measurement.  When  possible  this  section  should  be  on  a  straight 
reach  and  far  enough  from  a  bend  to  be  out  of  its  influence,  the  bed 
should  be  permanent  and  not  stony,  and  the  slope  and  wetted  perim- 
eter such  that  at  high  and  low  stages  of  the  stream  the  velocity  in  all 
parts  of  the  section  will  be  easily  measurable.  The  banks  should  be 
sufficiently  high  not  to  be  overflowed  at  flood  stage,  and  the  section 
should  be  free  from  the  influence  of  milldams  and  bridge  piers.  In 
addition,  economy  requires  that  the  section  selected  be  easily  acce^ssi- 
ble  from  a  railway  station  and  that  there  be  a  person  living  near  who 
will  read  the  elevation  of  the  water  surface  at  stated  times.  Seldom 
if  ever  are  all  of  these  conditions  even  approximately  satisfied.  Scour 
of  bed  in  some  cases  and  silting  in  other  cases  give  much  trouble;  too 
great  a  velocity  at  high  stages  and  too  low  a  velocity  at  low  stages  to 
measure  with  accuracy  are  common  difficulties;  and  miUdams  often 
give  trouble,  on  account  of  storage  and  irregular  discharge  through 
their  wheels;  so  that  the  hydrographer  must  make  the  most  of  the 
best  location  he  can  find,  always  having  in  mind  the  desirable  and 
the  undesirable  qualities. 

Rapid  fluctuations  of  the  water  surface  or  river  height  during 
measurement  and  the  condition  of  the  velocity-measuring  instrument 
are  other  factors  which  affect  the  accuracy  of  a  stream  measurement. 

A  great  many  discharge  measurements  of  natural  and  artificial 
channels  have  been  made  with  various  kinds  of  instruments  and  in 
various  ways.  The  earlier  ones  were  made  with  crude  instruments, 
and  in  some  cases  the  surface  velocity  only  was  observed,  the  mean 
velocity  being  computed  from  a  formula  which  we  now  know  is  not 
correct.  Very  little  appears  to  have  been  done  in  the  way  of  deter- 
mining the  degree  of  accuracy  of  the  measurements.    Even  when  the 
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experimenter  has  used  two  or  more  instruments  to  measure  velocity, 
he  does  not  appear  to  have  made  simultaneous  measurements  with 
different  instruments,  or  employed  different  methods  with  the  same 
instruments,  in  order  to  test  the  accuracy  of  the  results. 
These  matters  are  all  discussed  in  detail  on  the  following  pages. 

METHODS  OF  MEASURING  VEIX>CITY. 

The  methods  that  have  been  used  for  measuring  velocity  may  be 
divided  into  two  general  classes — the  direct  and  indirect.  The  direct 
methods  include  all  ways  of  ascertaining  the  velocity  of  water  from 
bodies  floating  in  it,  such  as  surface  floats,  float  rods,  double  floats, 
etc.  The  indirect  methods  include  measurements  with  the  current 
meter,  pressure  plates,  the  thermometer,  etc.,  by  which  the  velocity 
of  the  water  is  inferred  from  its  impact,  its  pressure,  or  its  tempera- 
ture. Measurements  by  the  direct  methods  are  simple,  requiring  only 
the  measurement  of  the  time  that  it  takes  a  body  in  the  water  to  move 
over  a  certain  distance,  while  in  the  indirect  methods  the  constant  of 
the  instant  must  flrst  be  found  from  experiment.  The  latter  methods 
are,  however,  theoretically  better  than  the  former. 

By  the  direct  methods  the  mean  velocity  of  a  comparatively  few 
particles  of  water  is  found  for  the  time  required  for  the  float  to  move 
between  the  sections  of  observation — that  is,  the  float  is- acted  upon 
by  the  particles  about  it  during  the  time  it  is  passing  over  the  meas- 
ured distance.  It  is  carried  along  by  a  single  impulse  of  the  water, 
and  is  not  affected  by  the  succeeding  impulses,  which  may  be  greater 
or  less  than  the  impulse  which  moves  it.  Instruments  of  the  second 
class,  on  the  other  hand — as,  for  instance,  the  meter — measure  instan- 
taneously the  velocity  of  all  the  particles  that  strike  it  during  the 
observation.  If  there  were  no  pulsations  of  water,  and  if  the  particles 
following  one  another  at  any  given  point  moved  with  uniform  velocity, 
then  the  direct  methods  might,  in  the  absence  of  wind,  give  good 
results;  but  since  all  moving  water,  even  the  most  undisturbed,  has 
these  pulsations,  velocity  measurements  by  the  indirect  methods  are 
decidedly  more  accurate  than  those  by  the  direct  methods.  One 
measurement  with  a  current  meter  is  worth  several  measurements 
with  floats. 

There  is  another  reason  why  indirect  measurements  are  preferable 
to  direct  measurements.  Since  in  the  latter  the  mean  velocity  is 
found  over  a  certain  distance,  usually  from  50  to  200  feet,  it  is  neces- 
sary to  know  the  mean  area  over  that  distance,  and  this  requires 
the  measurement  of  many  cross  sections  between  the  upper  and  the 
lower  section,  while  by  the  indirect  methods  the  measurement  of  only 
one  area  is  required. 
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DIRECT  METHODS. 


SURFACE  FLOATS. 

Surface  floats  arc  small,  light  bodies,  such  as  wood  or  wax,  which 
float,  on  the  surface  of  the  water  and  can  readily  be  seen  from  the 
shore.  Measurement  by  this  means  is  rapid,  but  the  velocities 
obtained  may  be  gi^atly  in  error,  due  to  the  action  of  wind  on  the 
float.  At  best  it  only  indicates  the  velocity  for  a  short  time  of  a 
comparatively  few  particles  of  water,  and  the  mean  velocity  must  be 
found  from  the  relation  between  surface  velocity  and  mean  velocity, 
which  is  not  well  established.  The  time  consumed  by  the  floats  in 
passing  over  a  measured  distance — usually  from  50  to  200  feet — is 
observed,  and  the  distance  divided  by  the  observed  time  gives  the 
surface  velocity  at  that  point  for  that  time. 

This  method  was  used  by  Dubuat 
in  1779  in  gaging  the  Canal  du  Jard, 
in  France,  and  in  1782  in  gaging  the 
Haine  River,  Belgium ;  by  Trechsel, 
in  1825,  to  gage  the  Outer  Aar,  near 
Thun ;  by  Wampfler,  in  1867,  to  gage 
the  Simme  Canal,  Switzerland;  by 
Harlacher,  in  1881,  to  gage  the  Elbe, 
in  Bohemia  (at  high  wat^r  only); 
by  EUet,  in  1858,  in  gaging  the  Ohio; 
and  by  others. 

DOUBLE  FLOATS. 

The  double  float  consists  of  a  lijrht 
surface  float  and  a  subsurface  float 
somewhat  heavier  than  water  eoii- 
nected  to  it  by  a  cord  or  a  small 
rope.  The  office  of  the  upper  float 
is  to  support  the  lower  float  and  in- 
dicate its  position.  The  connecting  cord  can  be  lengthened  at  will 
and  the  lower  float  be  placed  at  any  desired  depth.  Fig.  1  shows  the 
double  float  used  by  T.  G.  Ellis  in  the  Connecticut  River  survey  in 
1874.  This  subsurface  float  was  a  hollow  annul  us  of  tin  Si  inelies 
high,  8|  inches  outside  diameter,  and  7^  inches  inside  diameter.  Two 
brass  wires  were  soldered  across  the  bottom  at  right  angles  to  each 
other,  to  which  was  attached  28  ounces  of  lea<l  as  a  sinker.  Two 
other  wires  were  soldered  at  right  angles  to  each  other  at  the  center, 
to  which  the  connecting  cord  was  attached.  The  surface  float  was  an 
ellipsoid  of  tin  6  inches  in  diameter  and  1^  inches  thick,  with  a  cork  in 
the  top  holding  a  small  flag  and  an  eye  in  the  bottom  for  the  connect- 
ing cord.  The  connecting  cord  had  a  diameter  of  0.036  inch. 
The  method  of  measuring  stream  flow  by  double  floats  as  used  by 


Fig.  1.— Double  float  used  by  EIII0  in  Con- 
necticut River  survey  in  1874. 
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Humphreys  and  Abbot  in  gaging  the  Mississippi  River  in  1851  and 
1858  is  substantially  as  follows:*  A  suitable  place  was  selected  on  the 
river,  a  base  line  200  feet  long  was  measured  off  on  one  bank  parallel 
to  the  axis  of  the  current,  and  a  section  at  each  end  of  this  base  was 
marked  out  at  right  angles  to  it.  The  time  consumed  by  each  float 
in  passing  between  these  sections  and  the  position  of  each  float  when 
it  passed  them  were  noted  by  four  men,  two  at  each  end  of  the  base, 
each  party  having  a  stop  watch  and  a  theodolite.  At  a  signal  from 
the  engineer  the  floats  were  placed  in  the  rivei'  from  a  boat  about  100 
feet  above  the  upper  section  and  were  picked  up  by  a  man  in  a  boat 
some  distance  below  the  lower  section.  At  the  instant  a  float  passed 
the  upper  section  a  signal  was  given,  the  watches  were  started,  and 
the  angular  position  of  the  float  was  read  with  both  theodolites.  The 
instant  the  float  passed  the  lower  section  a  signal  was  again  given,  the 
watches  were  stopped,  and  the  angular  position  of  the  float  was  again 
read  with  both  theodolites.  These  readings  gave  the  distance  of  the 
float  from  the  base  line  when  it  passed  the  sections  and  two  inde- 
pendent measurements  of  the  time  consumed  by  it  in  passing  between 
the  sections.  Soundings  were  taken  at  the  end  sections  and  at  one 
or  more  intermediate  sections,  from  which  the  area  of  the  mean 
section  was  computed. 

In  some  cases  where  this  method  has  been  used  the  base  was  300 
leet  long  and  the  time  of  run  of  the  floats  has  been  recorded  on  a 
chronograph. 

This  method  has  its  advantages  and  its  disadvantages.  In  very 
deep  rivers,  such  as  the  Mississippi,  or  in  streams  carrying  weeds  and 
gniss,  it  is  almost  the  only  available  method.  Humphrey's  and  Abbot, 
in  their  report  on  the  Mississippi  River,  say:*'  "Saxton's  current 
meter  was  tried  but  found  to  be  unsuited  to  measurements  in  a  river 
of  such  great  depth  and  violence  of  current.  Only  double  floats  were 
found  to  give  reliable  results." 

In  regard  to  the  disadvantages,  D.  F.  Henry,  who  had  charge  of  the 
field  work  of  the  gaging  of  the  outlets  of  the  Great  Lakes  and  who 
has  used  this  and  other  methods  for  deep  rivers,  says:""  "All  the 
objections  to  the  surface  float  apply  with  greater  force  to  the  double 
float,  and  additional  one?^  peculiar  to  itself."  It  is  impossible  to 
determine  the  exact  position  or  depth  of  the  lower  float.  Its  i)osition 
is  determined  from  that  of  the  surface  float,  but  it  varies  with  the 
direction  and  velocity  of  the  wind  and  the  length  of  the  cord  connect- 
ing the  floats.  The  depth  of  the  float  is  determined  from  the  length 
of  the  connecting  cord,  but  on  account  of  the  upward  *' boiling" 
motion  of  the  water,  and  also  the  pressure  of  the  water  on  a  long  con- 
necting cord,  the  depth  may  be  much  less  than  the  length  of  the  cord. 
The  upper  float  may  drag  the  lower  one  or  be  dragged  by  it.     At  best 


a  Report  on  the  Mississippi  River,  by  Hnmphreys  and  Abbot,  p.  2S4. 

bOp.  cit.,  p.  235. 

c  Jour.  Franklin  Inst.,  Vol.  LXII,  p.  167. 
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it  can  only  give  the  velocity  of  a  few  particles  for  a  short  space  of 
time. 

This  method  of  gaging  was  used  in  the  Mississippi  River  and  tribu- 
taries from  1857  to  1881.  Since  that  time  the  current  meter  has  been 
largely  used.  In*  1869  it  was  used  in  conjunction  with  the  current 
meter  for  gaging  t  he  outlets  of  the  Great  T^akes.  It  was  also  used  by 
T.  G.  Ellis  in  1874  in  his  survey  of  the  Connecticut  River,  in  con- 
junction with  the  current  meter,  and  by  Gtordon  in  1873  to  gage  the 
Irawadi  River.  For  comparisons  of  accuracy  of  this  method  with 
others,  see  pages  47  to  51. 

FLOAT  RODS. 

Professor  Cabeo*  was  the  first  to  use  the  float  rod  for  measuring 
velocity.  This  was  in  1646.  The  rod  is  of  wood  or  tin,  from  1  to  2 
inches  in  diameter,  weighted  at  the  lower  end  so  as  to  float  vertically. 
Its  lower  end  should  nearly  touch  the  bottom  and  its  upper  end  pro- 
ject a  few  inches  above  the  surface  of  the  water,  so  as  to  be  visible. 
The  method  of  using  float  rods  as  followed  by  the  writer  in  1900  in 
the  New  York  State  canal  sui-vey  is  as  follows:  Two  surveyor's  100- 
foot  chains  were  stretched  across  the  canal  from  10  to  30  feet  apart 
and  at  right  angles  to  the  axis  of  the  canal.  Fifteen  feet  above  the 
upper  chain  a  rope  was  stretched  across  the  canal,  and  to  this  a  boat 
was  attached  by  pulleys,  so  that  a  man  in  the  boat  could  easily  move 
himself  back  and  forth  by  pulling  on  the  rope.  Another  rope  was 
stretched  across  the  canal  from  6  to  8  feet  below  the  lower  chain  and 
a  boat  operated  from  it  in  a  similar  way.  The  floats  wei-e  put  in  by 
the  man  in  the  upper  boat,  two  at  a  time  and  about  5  feet  apart,  and 
were  observed  by  him  until  they  passed  the  upper  chain,  when  he 
called  to  the  recorder  the  position  of  each.  As  they  passed  under  the 
lower  chain  the  man  in  the  lower  boat  called  out  their  position,  and 
when  they  reached  his  boat  he  took  them  out  of  the  water  and  brought 
them  to  the  shore.  An  observer  with  two  stop  wat<jhes  noted  the 
time  of  passage  of  each  pair  of  floats  between  the  chains.  A  short 
run  was  used  on  account  of  the  low  velocity  of  the  water. 

The  advantages  and  disadvantages  of  the  method  may  be  summed 
up  briefly  as  follows: 

Advantages, — For  artiflcial  channels  of  moderate  and  uniform 
depth  and  with  floating  grass  and  weeds  this  is  probably  the  best 
method  to  use.  The  advantages  of  float  rods  as  given  by  Captain 
Cunningham,  who  has  used  them  to  a  large  extent  in  his  gagings  of 
the  Ganges  Canal,  are  as  follows:^  (1)  They  interfere  less  with  the 
natural  motion  of  the  water;  (2)  they  measure  velocity  direct;  (3)  they 
can  be  used  in  a  stream  of  any  size;  (4)  they  are  not  affected  by  silt 
and  weeds;  (5)  they  measure  forward  velocity;  (6)  they  can  be  made 
by  a  common  workman;  and  (7)  they  are  cheap. 

*■  See  Report  of  New  York  Barge  Canal,  1901,  p.  860. 
»>  Proc.  Inst.  Civil  Eng.,  Vol.  LXXI,  p.  1. 
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Disadvantages, — The  rods  are  affected  to  some  extent  by  wind;  they 
do  not  give  mean  velocity,  but  velocity  of  impulses;  they  can  not  be 
used  in  deep  streams  or  in  streams  of  i-ough  or  irregular  bed,  and 
they  are  expensive  to  operate. 

Float  rods  have  been  used  by  Cunningham,  on  the  Ganges  Canal, 
in  1880;  by  Francis,  in  1852,  on  a  canal  at  Lowell,  Mass.;  by  Buffon, 
on  the  Tiber  River,  in  1821;  by  Krayenhoff,  on  the  Rhine,  in  1812; 
and  by  the  Mississippi  River  Commission,  on  the  Upper  Mississippi, 
in  1881. 

FLOAT  FRAME. 

Him  used,  for  obtaining  velocity,  a  light  frame  of  wood  which 
nearly  filled  the  cross  section  of  the  channel,  but  there  are  practical 
difficulties  in  the  way  of  the  use  of  this  instrument. 

INDIRECT  METHODS. 

The  following  instruments  and  methods  have  been  used  at  one  time 
or  another  for  measuring  velocity  indirectly.  Several  of  them  are 
now  of  historical  interest  only. 

FLOAT  WHEEL. 

The  float  wheel  was  used  by  Borda  and  Dubuat  for  measuring  sur- 
face velocities.  That  i>sed  by  the  latter  was  2  feet  in  diameter,  and 
recorded  the  revolutions  on  dials. 

PRESSURE  PLATE. 

In  1779  Gaunthy  invented  the  pressure  plate,  which  consists  of  a 
disk  of  metal  opposed  to  the  pressure  of  water,  the  velocity  being 
computed  from  the  weight  necessary  to  keep  it  vertical.  The  tach- 
ometer used  by  Brunings  to  gage  the  Rhine  and  the  one  used  by 
Racourt  in  his  gagings  of  the  Neva  were  made  on  this  principle. 
Captain  Boileau  also  used  a  pressure  plate  in  his  tachometer. 

BOX  WITH  HOLE   IN  SIDE. 

A  box  with  a  hole  in  the  side  was  used  by  Grandi  in  1730  to  measure 
velocity.  It  was  lowered  gradually  from  the  surface  to  the  bottom 
and  raised  again  at  the  same  rate,  the  velocity  being  inferred  from 
the  amount  of  water  in  the  box. 

HYDROMETRIC  TUBE. 

This  instrument  was  used  by  Captain  Boileau  in  1850.  It  consists 
of  a  glass  tube  suspended  in  a  frame,  having  a  full-sized  opening  at 
one  end  and  a  small  opening  at  the  other  end.  The  tube  is  filled  with 
water  and  a  bubble  of  air,  and  is  placed  in  the  water  with  the  small 
end  upstream.  The  large  end  is  then  opened  and  the  time  required 
for  the  bubble  to  traverse  the  tube  is  noted.  From  this  time  and  the 
areas  of  the  ends  of  the  tube  the  velocity  is  computed. 
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HTDROHBTRIC  PENDULUM. 

This  instrument  was  used  by  Gastelli  in  1628.  It  consists  of  a  ball 
suspended  from  the  center  of  a  graduated  arc.  The  velocity  is  com- 
puted from  the  weight  of  the  ball  and  the  angle  of  the  string  when 
the  water  impinges  on  it. 

THERMOMETER. 

Leslie  used  a  thermometer  for  measuring  velocity.  The  principle 
of  this  method  is  that  the  temperature  of  water  in  motion  is  greater 
than  the  temperature  when  at  rest. 

PrrOT  TUBE. 

This  instrument  was  invented  by  Pitot  in  1730.  Fig.  2  shows  it  as 
improved  and  used  by  Darcy  and  Bazin."  It  consists  essentially  of 
two  tubes,  one  drawn  to  a  fine  point  and  pointing  upstream,  the 
other  straight  and  with  an  opening  at  the  lower  end  the  size  of  the 
tube.  The  air  in  both  tubes  is  partly  exhausted,  so  that  the  water  col- 
umns will  rise  to  a  convenient  height.  The  velocity  is  found  from 
the  difference  in  the  readings  of  the  water  columns.  Like  floats,  this 
is  an  impulse-measuring  instrument,  but  in  using  it  both  uiaximum 
and  minimum  impulses  are  observed  and  a  mean  is  found.  After  the 
instrument  is  in  place  and  the  stop  cocks  R  and  R^  are  opened  one  of 
the  observers  applies  his  mouth  to  the  tube  O,  removes  the  air  until 
the  surface  of  the  water  in  the  tubes  stands  at  a  convenient  height 
to  read,  and  then  closes  the  upper  cock  (jR).  He  observes  the  col- 
umns until  they  reach  a  maximum  height,  when  he  closes  the  cock  R 
and  reads  the  surface  of  both  columns;  then  he  opens  the  cock  R  and 
observes  the  surface  of  both  until  the  columns  reach  a  minimum  posi- 
tion,  when  he  closes  cock  iJ'  and  reads  both  surfaces  again.  He  now 
has  a  maximum  and  a  minimum  reading  of  each  column,  from  which  he 
makes  the  following  deduction:  If  a'  is  the  maximum  reading  of  col- 
umn A,  and  b'  is  the  maximum  reading  of  column  B,  and  a"  is  the  min- 
imum reading  of  column  A,  and  b"  is  the  minimum  reading  of  column 
B,  then  a'^b'=d',  the  difference  for  the  maximum  impulse,    and 

rf'  +  d" 
a"— 6"=d",  the  difference  for  the  minimum  impulse,  and — 5 is 

the  mean  difference  of  the  column  readings  for  the  two  impulses. 
Two  or  three  sets  of  these  readings  are  taken  at  each  point.     Then  if 

-2-  is  the  mean  of  the  values  of  these  column  differences  (2d= 
d'+d"+  .  .  .  ),  the  velocity  at  that  point  is  given  by  the  formula 
F=c^2gr2-,  c  being  the  coefficient  found  by  rating  and  g  the  accel- 

•  RecherohdshydraaliqneB,  entreprises  par  M.  H.  Darcy  oontinu^eB  par  M.  H.  Basin.    Premiers 
partie  de  Recherches  ezp6rimentale8  Bur  rdooalement  de  Teaii  dans  les  cananx  d^convertB: 
Extralt  des  M^moires  prdsentde  par  divers  savants  It  l'acad6mie  dee  scdenoes  de  Instltat  Impe 
rial  de  Franoe,  Paris,  1866,  Vol.  XIX,  PL  X  VH,  fig.  6. 
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eration  of  gravity.  The  ve- 
locity can  very  quickly  be 
found  by  one  accustomed 
using  the  instrument.  The 
accuracy  of  V  depends  on 
that  of  c  and  on  ^2  d,  the 
greater  the  number  of  (Pa,  or 
sets  of  observations,  the  more 
nearly  accurate  will  be  the 
value  of  V. 

CURRENT  METER. 

The  current  meter  had  its 
beginning  in  the  float  wheel 
used  by  Borda  and  Dubuat 
to  obtain  surface  velocities. 
In  1790  Waltman  modified 
this  wheel  so  that  it  could 
be  used  below  the  surface. 
His  meter  had  helicoidal 
blades  and  an  endless  screw 
on  its  axis,  which  by  gearing 
into  a  train  of  wheels  caused 
a  record  of  the  number  of 
revolutions  of  the  wheel  to 
be  made  on  dials.  It  was 
moved  up  and  down  on  a  rod 
the  lower  end  of  which  was 
driven  firmly  into  the  river 
bed.  The  recording  appara- 
tus was  thrown  in  or  out  of 
action  by  a  pull  on  a  string. 
It  was  necessary  to  lift  the 
meter  lo  the  surface  to  read 
the  revolutions,  which  was  a 
great  drawback  lo  its  usts  as 
was  also  the  fact  that  dirt  in 
the  water  retarded  the  train 
of  wheels.  I^epont  sought  to 
remove  these  difficulties  by 
bringing  the  recording  ap- 
paratus to  the  surface,  away 
from  the  dirty  water  and 
where  it  could  be  read  with- 
out lifting  the  meter.  He 
did    this  by  introducing  a 
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vertical  shaft  or  rod  with  beveled  gearing,  but  this  increased  the 
friction  so  that  it  could  only  be  used  in  shallow  water.  Baumgarten, 
Saxton,  and  others  following  modified  its  form  somewhat,  but  did  not 
materially  improve  it.  Brewster  made  one  in  which  the  axis  of  the 
meter  was  a  long  screw  and  the  revolutions  were  given  by  the  dis- 
tance the  wheel  traveled  along  this  screw.     The  friction  was  thus 


Fia.  3.— Moore  current  meter. 

lessened,  but  the  meter  had  to  be  stopped  before  the  wheel  traveled  tht» 
whole  length  of  the  screw.  It  was  a  long  step  in  advance  that  was 
taken  by  D.  F.  Henry  when  he  applied  an  electric  recording  device  to 
the  meter,  for  by  it  the  difliculties  that  Lepont  and  others  sought  to 
avoid  are  very  successfully  overcome,  the  friction  of  the  train  of 
recording  wheels  being  entirely  done  away  with.    If  a  recording  de  vici' 
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IB  used  it  is  worked  by  a  spriug  and  not  by  tbe  meter,  and,  further- 
more, it  is  not  necessary  to  lift  the  meter  to  the  surface  to  read  the 
number  of  revolutions,  which  are  recorded  electrically,  or  may  be 


counted  from  the  indications  of  a  buzzer.  The  electric  meter  as  used 
by  Henry  is  shown  in  fig.  10,  p^e  34;  that  used  by  Moore  in  fig.  3. 

Meters  in  use  at  the  present  day  may  be  divided  into  two  classes: 
(1)  Those  in  which  the  revolving  part  turns  about  a  horizontal  axis, 
and  (2)  those  in  which  it  revolves 
about  a  vertical  axis.  The  former 
class  is  illustrated  by  the  Haskell 
and  Fteley  meters,  shown  in  figs.  4 
and  5,  respe<; lively,  and  the  latter 
class  by  the  Price  meter,  shown  in 
PI.  I.  Meters  of  the  latter  class 
have  some  advantages  over  those 
of  the  former  class:  First,  friction 
is  usually  less,  since  it  nearly  all 
comes  on  one  point,  and  this  iwint 
can  be  protected  from  the  at^tion 
of  grit  in  the  water  and  from  jars; 
and,  second,  for  a  given  high  ve- 
loi-ity  the  wheel  will  not  i-evolve 
as  rapidly  as  the  wheel  of  a  meter 
of  the  first  cla.ss  under  the  same 
conditions,  and  at  the  same  time 
the  wheel  will  start  in  a  less  veloc- 
ity than  will  the  wheel  of  a  meter 
of  the  former  class,  so  that  Iwth 
low  and  high  velocities  can  be 
measured  more  accurately  with 
meters  of  the  second  class  than 
with  those  of  the  fii-st  class.     For 

example,  by  comparing  the  rating  p,o.  ^_Irtoley  current  m»tar. 

table  of  Haskell  meter  No.  3  on 

page  81  with  that  of  small  Price  meter  No.  3G3  on  page  42,  we  find 
that  the  former  requires  a  velocity  of  about  0.20  foot  per  second  to 
start  it,  and  that  it  makes  (>.5  revolutions  per  second  in  water  having 
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a  velocity  of  7  feet  per  second,  while  the  latter  requires  a  velocity  of 
about  0.06  foot  per  second  to  start  it  and  makes  only  3.02  revolutions 
in  water  having  a  velocity  of  7  feet  per  second.  A  rate  of  3  revolu- 
tions per  second  can  easily  be  recorded  or  counted,  but  a  rate  of  6.5 
revolutions  per  second  can  not  be  counted  or  easily  recorded. 

The  disadvantages  of  the  current  meter  are,  briefly,  as  follows:  (1) 
It  can  not  be  used  where  there  is  much  floating  grass  or  weeds,  as  on 
canals  where  the  weeds  are  cut  and  allowed  to  float  in  the  water,  float 
rods  being  much  better  in  such  cases;  (2)  it  requires  rating  before  use 
and  frequently  thereafter;  and  (3)  it  must  be  used  with  care.  These 
last  two  conditions,  however,  are  true  for  all  instruments  used  for 
measuring  velocity  indirectly. 

The  meter  without  some  electrical  device  for  indicating  to  the 
observer  the  revolutions  in  a  given  time,  and  which  must  be  lifted 
out  of  the  water  to  read  the  revolutions,  is  a  thing  of  the  past.  Too 
much  time  is  lost  in  making  the  readings.  The  acoustic  meter  is  not 
a  success.  The  clicks  are  not  sufficiently  loud  to  be  heard  when  the 
water  is  deep  and  the  place  noisy. 

The  advantages  of  the  meter  are  as  follows:  (1)  It  gives  integrat-ed 
or  mean  velocity  (any  kind  of  a  float  gives  the  velocity  of  a  compara- 
tively few  particles  at  some  stage  of  a  pulsation  of  the  wat^r,  not 
mean  velocity);  and  (2)  it  can  be  used  on  streams  of  all  sizes. 

For  large  streams  the  choice  of  instruments  is  between  the  current 
meter  and  the  double  float,  and  the  meter  is  preferable  except  where 
a  large  amount  of  weeds  and  grass  is  carried  along  in  the  water.  For 
artificial  channels  the  choice  is  between  the  meter  and  the  float  rod, 
and  the  meter  has  the  preference  except  where  there  is  a  considerable 
amount  of  floating  weeds,  and  possibly  for  very  slow  velocities  also, 
but  the  latter  is  still  in  doubt.  For  velocities  of  0.25  foot  per  second 
the  meter  will  give  the  mean  velocity  as  accurately  and  more  rapidly 
than  the  rods,  and  at  less  cost,  for  at  least  four  persons  are  necessary 
with  the  rod  method,  whereas  one  pei'son,  or  at  most  two  persons, 
can  make  the  gaging  with  the  meter,  and  the  expense  of  moving  the 
equipment  from  place  to  place  is  much  greater  for  the  ro<ls  than  for 
the  meter. 

SLOPE   FORMULA. 

The  velocity  of  a  stream  can  be  computed  from  measurements  of 
the  slope  of  the  surface,  the  dimensions  of  the  cross  section,  and  a 
knowledge  of  the  roughness  of  the  bottom  and  sides.  The  formula 
which  is  now  almost  universally  used  for  this  purpose  was  devised  by 
Kutter  in  1869*  and  is  as  follows: 


V= 


Ai  p.  1-811     .00281 


1+ (41. 6-f-. 00281)        n_ 

s         VRs 


vr: 


•Flow  of  Water  in  Rivers  and  Other  Channels,  by  £.  Oangaillet  and  W.  R.  Kutter. 
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In  thisformnla  F=velocity,  in  feet  per  second ;  s=8urfaceslope=79  h 

being   the    fall  of    the  snrface    in    the    distance  I;   i?=hydraulic 

F 
radius=— >  -F  being  the  cross-sectional  area  and  w  the  wetted  perim- 
eter; and  n  a  ratio  whose  value  varies  from  0.009  for  a  well-planed 
wooden  channel  to  0.035  for  a  ^annel  overgrown  with  weeds  or  cov- 
ered with  stones. 

This  formula  is  said  to  apply  to  streams  of  all  sizes,  from  creeks  and 
sewers  to  large  rivers  like  the  Mississippi,  its  constants  being  deter- 
mined from  Bazin's  gagings  of  small  channels,  from  Humphreys  and 
Abbot's  gagings  of  the  Mississippi  River,  from  Cunningham's  gagings 
of  the  Ganges  Canal,  and  from  gagings  by  many  others. 

The  disadvantage  of  the  method  is  that  it  is  very  difficult  to  measure 
accurately  the  surface  slope  (s)  of  large  rivers.  T.  6.  Ellis  says* 
that  on  the  Connecticut  River  the  sloi)e  of  parts  100  to  400  feet  long 
was  very  carefully  measured  and  the  discharge  computed,  using  the 
best  modern  slope  formulae.  The  discharge  found  from  these  f ormulsB 
differed  by  60  to  250  per  cent  from  that  found  by  gaging.  He  thinks 
the  slox>e  is  so  uncertain  an  element  that  slope  formulae  are  of  little 
value.  Captain  Cunningham,  after  ^n  examination  of  five  hundred 
slope  measurements  of  the  Ganges  Canal,  says:**  *'It  [the  slope  of 
surface  measurement]  is  so  delicate  a  matter  that  the  results  are  of 
doubtful  use. "  He  found  that  the  slope  was  very  different  at  different 
parts  of  a  reach  from  1  to  2  miles  long,  and  that  the  slope  at  opposite 
sides  differed  50  per  cent.  Ellet  says,^  in  regard  to  the  slope  of  the 
Mississippi  River:  "  It  not  uufrequently  happens  that  while  the  mass 
of  the  water  which  its  channel  bears  is  sweeping  to  the  south  at  a  8i)eed 
of  four  or  five  miles  per  hour,  the  water  near  the  shore  is  running  to 
the  north  at  a  speed  of  one  or  two  miles  per  hour.  It  is  no  unusual 
thing  to  find  a  swift  current  and  a  corresponding  fall  on  one  shore 
toward  the  south,  and  on  the  opposite  shore  a  visible  current  and  an 
appreciable  slope  toward  the  north." 

Only  in  very  rare  cases  is  it  advisable  to  use  this  method. 

MEASUREMENT  OF  SURFACE  FliUCTUATIONS. 

Any  change  in  the  elevation  of  the  surface  of  a  stream  affects  the 
discharge  in  two  ways:  The  cross-sectional  area  is  changed  and  as  a 
rule  the  velocity  also  is  changed.  ^  It  is  necessary,  therefore,  in  accurate 
work  to  measure  the  surface  fluctuations  with  great  care.  Wave 
action,  due  to  wind  or  other  causes,  should  be  eliminated. 

•Trans.  Am.  Soc.  Civ.  Eng.,  Vol.  XI,  p.  28. 

fcProa  Inat.  Civ.  Eng.,  Vol.  LXXI,  p.  11. 

«Bei)ort  on  the  MisslBsippi  River,  by  Hnrnphreys  and  Abbot,  p.  218. 

^  On  some  streams  there  are  places  where  the  mean  velocity  remains  nearly  constant  for  sev- 
eral feet  variation  in  stage  of  river.  This  is  true  of  the  Verdigris  Biver  at  Liberty,  Kans.  See 
Nineteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  IV,  p.  374. 
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There  Are  two  classes  of  inBtrumeDts  in  use  at  the  present  time  for 
indicating  surface  elevations:  (1)  Self-registering  gages,  which  give 
a  continuous  record  of  the  changes  in  surface  elevation;  and  (2)  a 
fixed  scale  from  which  the  elevation  of  the  surface  is  read  at  any 
time,  or  a  moving  scale  with  a  fixed  index  from  which  the  elevation 
of  the  surface  is  read. 


7ia>  S.— 8«ir-T«grUtarlDg  «. 


ir  gage  atei  by  United  8t»tes  L«ke  Snrver- 


The  United  States  I>ske  Survey  self-registering  water  gage,  shown 
in  fig.  6,  is  a  good  illustration  of  instruments  of  the  first  class.  The 
cent>er  pen  is  connected  to  a  float  on  the  surface  of  the  lake,  and  its 


Via.  T.— Beoord  made  b;  oelr-reKiMeriiig  water  Bags  nsed  by  United 


motion  is  proportional  to  the  change  in  elevation  of  the  float.  This 
motion  is  traced  by  the  pen  on  a  sheet  of  paper  on  the  drum,  which  is 
moved  at  a  uniform  rate  by  clockwork.  The  two  outer  pens  record 
the  time.  Fig.  7  is  a  reproduction  of  the  record  made  by  this  instru- 
ment on  May  17, 1899.     The  elevation  of  the  surface  at  any  instant  is 
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given  by  thfl  corresponding  ordinate  of  this  carve.     This  figure  illns- 
trates  the  need  of  nn  accurate  record  of  the  change  in  stage,  for  it 
showB  a  change  of  surface  elevation  of  2.5  feet  in  one 
and  five-tenths  hours. 

The  hook  g^e,  shown  in  fig.  8,  is  a  good  illustration 
of  a  gage  of  the  second  class.  The  frame  is  fa.stened 
firmly  to  a  post  in  the  wat«r,  and  the  elevation  of  the 
zero  reading  is  determined.  By  turning  the  milled 
nut  the  hook  is  raised  until  its  point  comes  to  the  sur- 
face of  the  wat«r.  This  can  be  done  very  accurately 
in  still  water,  by  means  of  the  little  spot  of  light  on 
the  point  of  the  hook.  The  scale  is  then  read,  and 
from  it  the  surface  elevation  is  found. 

The  water  gage  used  by  the  Unit«d  States  Board  of 
Engineers  on  Deep  Waterways  in  1897-98,  on  the 
Niagara  River  at  Buffalo,  N.  Y.,  was  of  the  box-with- 
float  type.  The  box  was  of  wood,  7  inches  high,  7 
inches  wide,  and  7  feet  long,  with  a  closed  bottom  and 
a  removable  cover.  The  box  was  fastened  firmly  in 
the  water,  with  half  its  length  below  the  surface. 
Water  was  admitted  to  it  through  one  or  more  of  three 
J-inch  holes,  allowing  the  float  to  change  its  elevation 
as  the  river  stjige  changed  and  at  the  same  time  elimi- 
nating the  effect  of  waves.  The  float  was  a  2-quart 
bottle  with  a  7'foot  staff,  marked  to  feet,  tenths,  and 
hundredths,  wedged  into  it.  This  staff  extended  up 
through  the  cover,  and  was  marked  so  as  to  give  the 
rise  of  the  water  surface  above  a  certain  plane  as  reati 
at  the  cover  of  the  box. 

VERTICAL  VELOCITY  CURVES. 

The  relation  between  velocity  and  depth  in  a  verti- 
cal section  of  a  stream  parallel  to  the  thread  of  the 
current,  or  the  vertical  velocity  curve,  is  very  desira- 
ble. Fi-om  such  a  curve  the  ratio  of  velocity  at  any 
depth  to  mean  velocity  can  easily  be  found  and  the 
discharge  be  computed  from  observations  at  one  depth 
only  in  verticals. 

Much  effort  has  been  expended  in  investigating  tliis  ',",.  JeaTaHnB 
relation  and  the  change  in  it  for  change  in  river  stage.  anrface  ancta»- 
As  might  be  expected,  the  results  of  experiments  in  ""*" 
this  direction  do  not  agnn'.  Each  investigator  adopts  a  new  form  of 
curve  to  fit  his  observations.  In  1791  Waltman  made  some  observa- 
tions on  the  Rhine,  from  which  he  concluded  that  the  vertical  velocity 
curve  is  a  reversed  parabola  with  its  vertex  below  the  bed  of  the  river. 
In  1820  De  Fontaine  found  the  greatest  velocity  of  the  Rhine  to  be  at 
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the  surface.  He  states  that  two  inclined  right  lines  intersecting  about 
mid  depth  satisfy  his  vertical-curve  observations.  In  1824-1826 
Kacourt  made  observations  on  the  Neva  River,  from  which  he  con- 
cluded that  this  curve  is  an  ellipse  whose  minor  axis  is  a  little  below 
the  surface.  Funk  adopted  a  logarithmic  curve  for  his  observations 
on  the  Weser  in  1820.  In  1844  Boileau  found  this  curve  for  a  smaU 
canal  to  be  a  parabola  with  its  axis  near  the  surface.  Darcy  and  Bazin 
found  it  to  be  a  reversed  parabola  for  their  experiment  canal,  the  per- 
imeter changing  with  the  character  of  the  bed.  For  the  Mississippi 
River,  Humphreys  and  Abbot  found  it  to  be  a  parabola  whose  axis  is 
three-tenths  depth  below  the  surface.  Henry  found  it  to  be  an  ellipse 
for  the  St.  Clair  River,  while  Baumgarten  says  that  no  simple  curve 
will  fit  the  observations  in  a  vertical.  From  the  results  of  these 
investigations  and  others  that  might  be  mentioned  it  appears  tJiat  the 
shape  of  the  vertical  velocity  curve  depends  much  on  local  conditions, 
as  roughness  of  bed,  slope,  ratio  of  depth  to  width,  wind,  obstruc- 
tions, etc.  Two  facts  must  be  borne  in  mind,  however:  (1)  All  the 
vertical  velocity-curve  observations  obtained  with  a  single  meter  will 
not  when  plott/cd  fall  on  any  one  line,  but  the  results  will  be  scattered 
more  or  less,  and  it  will  be  possible  to  pass  a  number  of  curves  anoiong 
them,  one  satisfying  the  observations  about  as  well  as  another;  and 
(2)  there  is  some  part  of  each  of  the  curves  mentioned  which  if  placed 
by  the  side  of  some  part  of  another  curve  will  coincide  with  it  closely, 
so  that  it  is  quite  possible  for  any  or  all  of  these  curves  to  fit  more  or 
less  closely  a  set  of  imperfect  vertical  velocity-curve  observations. 

There  are  two  methods  of  obtaining  vertical  velocity  curves  with 
current  meters:  (1)  The  single-meter  method,  and  (2)  the  multiple- 
meter  method.  In  the  former  a  meter  is  held  at  as  many  points  in  a 
vertical  as  desired — ^at  each  tenth  of  the  depth,  for  example — ^for  a 
time  suf&clently  long  to  eliminate  the  effect  of  pulsations.  This 
requires  one  or  more  hours  to  a  vertical,  during  which  time  a  perma- 
nent change  may  occur  in  the  mean  velocity.  In  the  latter  method, 
however,  this  difficulty  is  overcome,  for  enough  meters  are  used 
simultaneously  to  give  the  whole  curve  in  one  operation. 

In  the  vertical  velocity-curve  Work  on  the  St.  Clair  River,  under  the 
direction  of  E.  E.  Haskell,  United  States  assistant  engineer,  eleven 
meters  were  used  at  a  time.  These  were  fastened  between  two  cables, 
which  were  attached  to  a  200-pound  sinker  at  the  lower  end  and  to  a 
drum  at  the  upper  end,  and  operated  from  a  catamaran.  The  lower 
meter  was  1.75  feet  above  the  bottom ;  the  other  ten  were  placed  at  each 
tenth  of  the  depth.  Each  meter  was  connected  with  an  electric  reg- 
ister, and  by  means  of  a  switch  all  of  the  circuits  could  be  opened  in 
one  operation.  The  observer,  with  a  stop  watch  in  one  hand  and  the 
switch  handle  in  the  other,  started  the  watch  and  at  a  given  instant 
closed  all  of  the  circuits  through  the  meters  and  registers.  At  the 
end  of  the  observation  he  stopped  the  watch  and  opened  the  circuits 
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at  the  same  instant.  One  observation  of  six  hundred  seconds  was 
made  with  the  meters  arranged  as  described,  and  from  one  to  ten 
others  of  one  hundred  seconds  each  with  the  meters  arranged  in  other 
ways  in  each  vertical. 

There  should  be  some  criterion  for  the  rejection  of  doubtful  obser- 
vations and  the  grouping  of  vertical  velocity  curves.  The  following 
table  gives  the  position  of  the  vertex  of  sixty-nine  vertical  velocity 
curves  obtained  on  the  Mississippi  River  by  Humphreys  and  Abbott, 
and  illustrates  this  need: 

TaMe  Bhowing  position  of  vertex  of  vertical  velocity  curves  obtained  on  Mississippi 

River. 


Depth. 


Surface 

One-tenth 

Two-tenths  . . 
Three-tenths 
Fonr-tenths . . 
Five-tenths  .. 
Six-tenths... 
Seven-tenths. 
Eight-tenths . 
Nine-tenths  .. 
Bottom 


Sum 


First  series. 


Number 

of 
verticals. 


12 

11 

6 

8 


5 


89 


Number 

of 
floats. 


63 
46 
88 

ao 


2S 
d() 


8 


mSSB 


Second  series. 


Number 

of 
verticals 


8 
1 


1 
4 
1 
1 
6 
6 
2 


80 


Number 

of 
floats. 


17 
2 


8 
9 
8 
8 
18 
15 
6 


75 


Total. 


Number 
of 

verticals. 


ao 

12 
5 
5 

4 
8 
6 
6 
6 
2 
1 


69 


Number 

of 
floats. 


80 

48 

83 

28 

9 

25 

88 

18 

16 

6 

8 


297 


The  vertex  of  34  per  cent  of  the  curves  in  the  foregoing  table  is  at 
or  below  mid  depth  of  the  river.  Using  all  of  them  the  vertex 
is  three-tenths  depth  below  the  surface.  This  combination  of  curves 
so  dissimilar  is,  to  say  the  least,  very  questionable.  Those  in  which 
the  vertex  is  at  or  below  seven-tenths  depth  should  be  rejected, 
or  at  least  not  combined  with  the  others,  for  they  are  duo  either  to 
errors  or  to  abnormal  conditions,  and  should  not  be  used  in  deriving 
a  general  law. 

Vertical  velocity  curves  obtained  in  different  parts  of  the  discharge 
section  for  different  depths  are  frequently  combined  by  combining 
the  velocities  at  each  tenth  of  the  depth.  This  assumes  that  the 
curves  are  similar  in  all  parts  of  the  discharge  section,  which  is  not 
true  except  in  rare  cases. 

There  is  very  little  available  data  on  the  change  in  the  vertical 
velocity  curve  with  change  of  river  stage.  In  the  data  on  this  point 
that  have  come  to  the  writer's  observation  the  change  in  stage  is 
small  and  the  inference  to  be  drawn  not  conclusive.  The  effect  of 
roughness  of  bed  decreases,  while  that  of  slope  and  hydraulic  radius 
increases  with  increase  of  stage.  The  effect  of  these  on  the  shape  of 
the  curve  can  only  be  determined  by  careful  measurements  in  which 
there  is  a  wide  range  of  stage. 
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PUIiSATION  OF  MOVING  WATER. 

We  have  already  called  attention  to  the  fact  that  one  of  the  reafions 
it  is  difficult  to  measure  accurately  the  velocity  of  water  is  that  the 
velocity  at  any  given  point  in  a  stream  is  constantly  changing.  This 
is  true  of  both  natural  and  artificial  channels  of  all  sizes.  Captain 
Cunningham,  who  observed  this  pulsation  of  moving  water  in  his 
experiments  on  the  Ganges  Canal,  of  India,  states  that  he  considers 
fifty  repetitions  with  float  rods  necessary  in  order  to  get  a  good  aver- 
age value  of  the  velocity  in  one  vertical  of  a  canal.*  J.  B.  Francis 
has  made  numerous  measurements  of  the  velocity  with  float  rods  in 
a  rect*angular  wooden  flume  at  Lowell,  Mass.,  eveiy  precaution  being 
taken  to  have  the  usual  causes  of  irregularity  of  motion  suppressed. 
The  time  of  run  was  obtained  by  the  use  of  an  electric  telegraph  and 
a  chronograph,  and  the  depth  was  very  carefully  measured  with  a 
hook  gage,  and  yet  he  found  that  the  velocity  shown  by  these  floats 
varied  from  8.57  per  cent  above  the  mean  to  11.4  per  cent  below  it. 
He  says:  " Similar  and  probably  greater  variations  occur  in  different 
parts  of  the  depth  from  the  same  cause.  "^  Adam  Baum  has  made 
some  observations  on  the  variation  of  velocity  in  the  Rhine  near  the 
Bridge  of  Constance. "^  He  fixed  a  cuiTent  meter  in  the  river  and 
noted  the  time  of  each  100  revolutions  of  the  meter  wheel  for  a  period 
of  two  hours.  The  results  show  a  continual  change  in  the  velocity 
for  a  constant  depth  of  water.  He  concludes  that  for  an  accurate 
measurement  of  velocity  it  is  necessary  to  extend  the  observations 
over  a  period  of  one  hour  at  each  point. 

Professor  Unwin  has  made  some  observations  with  a  current  met^r 
on  the  variation  in  velocity  in  the  river  Thames.**  He  noted  the  time 
of  each  100  revolutions,  and  upon  plotting  the  time  and  the  revolu- 
tions found  that  they  gave  a  very  irregular  curve.  The  mean  of  each 
500  revolutions,  however,  when  plotted  with  the  corresponding  time 
gave  a  rather  regular  curve.  The  following  are  some  of  the  results 
of  Prof esHor  Unwin's  observations : 


•Ppoo.  Inst.  Civ.  Bng.,  Vol.  LXXI,  p.  8. 
i>Tran&  Am.  Soc.  Civ.  Eng.,  Vol.  VII,  p.  117. 
«Proc.  Inst.  Civ.  Eng.,  Vol.  LXXI,  pp.  466-tfa 
<iOp.  ait.,pp.348,dtf». 
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Variation  in  velocity  at  three  points  of  a  vertical  of  Thames  River  as  found  by 

Unwin, 


At  3  me- 

At 6  me- 

At a 5  meter  depth; 
velocity  foand  f rom— 

ters  depth; 
Telocity 

ters  depth; 
▼elocfty 

Variation  f  ^^ - 

'y 

found 

found 

from  100 

from  100 

-  — 



lOOrevoln- 

SOOrevoln- 

revoln- 

revolu- 

At 0.5  me- 

At 3  me- 

AtBnie 

tiODS. 

tiona 
Met.peraec. 

tions. 
Met.pertec. 

tions. 
Met.per^c. 

ter  depth. 

ters  depth. 
Per  cefit. 

ters  depth. 

Met.peraec. 

Per  cent. 

Prr  cfut. 

1.9(0 

1.877 

1.861 

1.111 

-1.8 

+6.6 

-  :<.6 

1.912 

1.846 

2.(0) 

1.069 

-8.6 

-1.9 

+  0.3 

1.987 

1.846 

1.943 

0.977 

-6.0 

+2.6 

+  H.9 

1.942 

1.846 

2.030 

1.180 

-3.6 

-1.9 

10. 1 

1.861 

1.832 

2.080 

1.044 

+0.7 

-1.9 

+  2.6 

1.861 

1.832 

2.060 

0.987 

+0.7 

-3.4 

{ ii.6 

1.887 

1.823 

1.900 

1.021 

-0.7 

+4.2 

+  4.8 

1.861 

1.787 

1.909 

0.998 

+0.7 

+4.2 

+  7.0 

1.861 

1.809 

1.861 

0.977 

+0.7 

+6.7 

+  H.9 

1.861 

1.787 

2.030 

l.(NH 

+0.7 

-1.9 

-  2.1 

1.942 

1.861 

2.125 

0.900 

,            -3.6 

-6.7 

+  10.1 

1.700 

1.823 

2.030 

1.094 

+6.1 

-1.9 

-  2.1 

1.831 
1.719 
1.942 
1.831 

2.086 
1.994 
2.086 
1.900 

1.021 
1.180 
1.079 
1.4?2 

1.072 

+2.4 

+8.3 

-3.6 

+2.4 

-4.7 
0.0 

-4.7 
+4.2 

+  4.7 

-10. 1 

-  0.7 

-  37. 4 

1.875 

1.993 

•  K=  velocity,  Tm— mean  velocity. 

It  is  seen  that  during  the  period  required  for  the  meter  to  make 
1,600  revolutions  the  greatest  variations  from  the  mean  velocity  at 
0.5  meter  depth  are  +8.3  per  cent  and  —0  per  cent  and  at  6  metera 
depth  +16.1  percent  and  —37.4  per  cent.  The  greatest  difference  in 
velocity,  as  shown  by  two  consecutive  lOO-re volution  periods,  is  12 
per  cent  at  0.5  meter  depth  and  36.7  per  cent  at  6  meters  depth.  A 
velocity  measurement  of  100  revolutions  0.5  meter  below  the  surface 
may  be  in  error  8  per  cent  and  one  6  meters  below  may  be  in  error 
37  per  cent. 

D.  F.  Henry*  has  observed  this  fluctuation  in  velocity  at  a  given 
point  in  large  and  in  smalt  streams.  He  says:  "The  lesser  fluctua- 
tions have  a  duration  of  30  to  60  seconds  and  the  larger  ones  from  5 
to  10  minutes.  They  do  not  seem  to  be  synchronous  with  the  surface 
fluctuations,  and  are  smaller  at  the  surface  than  at  the  bottom." 

Harlacher^  found  the  velocity  near  the  surface  of  the  Rhine  to  vary 
20  per  cent  in  a  few  seconds,  and  near  the  bottom  he  found  it  to  vary 
50  per  cent  in  the  same  period. 

Marr's  simultaneous  observations  of  velocity  in  the  Mississippi 
River  at  Burlington,  Iowa,°  with  five  current  meters  are  descril)ed  on 
page  48.  The  following  table  gives  the  velocity,  as  shown  by  two 
of  his  current  meters,  one  near  the  surface  and  the  other  near  the 
bottom,  for  consecutive  periods  of  one  minute  each.     The  depth  in 

•Jonr.  Franklin  Inst.,  Vol.  LXII,  p.  383. 

^Trans.  Am.  Soc.  Civ.  Eng.,  Vol.  XII,  p.  311. 

•Beport  on  Current  Meter  Obeeryations,  Barllngton,  Iowa,  by  Maj.  A.  McKenzie,  1884. 
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the  first  section  is  11  feet,  in  the  second  section  27.6  feet,  and  the 
meter  is  4  feet  above  the  bottom : 

Variation  in  velocity  per  minute  in  Mississippi  River  at  Burlington^  Iowa, 


SimultAneous  obserratloiis  in  section 

Velocity 
Ifoot 

No 

.  1. 

No.  2. 

Varia- 
tion 

Velocity 
9.1  feet 

Variar 
tion 

Velocity 
a6feet 

Varia- 
tion 

Velocity 
23.6  feet 

Varia- 
tion 

below  sur- 

(^^)- 

below  sur- 

(Vm-V\ 

V   Vm  r 

below  sur- 

ip^y 

below  sur- 

(^^)- 

face  ( V). 

face  (Fm). 

face  (K). 

face  (Fm). 

Ft.  per  sec. 

Percent. 

F^.peraec. 

Per  cent. 

Ft.  per  Bee. 

Percent. 

Ft. per  see. 

Percent. 

2.242 

+2.0 

1.724 

0.0 

2.286 

+4.8 

1.966 

+  2.4 

2.2B7 

+0.9 

1.675 

+  2.9 

2.868 

+1.8 

1.817 

+  9.8 

2.2^2 

+1.1 

1.761 

-  2.2 

2.437 

-2.8 

1.965 

+  1.5 

2.286 

+2.2 

1.744 

-  1.2 

2.800 

+3.5 

2.008 

+  0.3 

2.267 

+0.9 

1.797 

-  4.3 

2.404 

-0.9 

2.066 

-  2.6 

2.299 

-0.6 

1.766 

-2.4 

2.378 

+0.2 

2.119 

-  5,2 

2.289 

0.0 

1.772 

-  2.8 

2.414 

-1.3 

1.926 

+  4.4 

2.274 

+0.6 

1.819 

-  5.5 

2.302 

-0.4 

2.006 

+  0.3 

2.211 

+3.3 

1.712 

+  0.7 

2.313 

+3.0 

1.963 

+  1.5 

2.224 

+2.8 

1.644 

+  4.7 

2.296 

+3.8 

2.081 

-  3.3 

2.280 

+0.3 

1.698 

+  1.5 

2.383 

0.0 

2.104 

-  4.6 

2.239 

+2.1 

1.915 

-11.1 

2.397 

-0.6 

2.276 

-13.8 

2.280 

+0.3 

1.670 

+  3.1 

2.420 

-1.6 

2.092 

-  a9 

2.289 

0.0 

1.775 

-  3.1 

2.961 

+0.9 

2.008 

+  0.3 

2.321 

-1.6 

1.682 

+  8.8 

2.278 

+4.4 

2.047 

-  1.6 

2.420 

-6.0 

1.664 

+  3.5 

2.446 

-2.6 

1.848 

+  8.3    , 

2.446 

-6.9 

1.741 

-  1.0 

2.450 

-8.2 

2.024 

-  1.0 

2.;«6 

-0.9 

1.717 

+  0.5 

2.428 

-1.9 

2.070 

-  2.8 

2.333 

-2.0 

1.800 

-  4.4 

2.456 

-3.1 

1.796 

+10.8 

2.264 

+1.0 

1.685 

+  1.7 

2.460 

-3.2 

2.055 

-  2.4     , 

2.327 
2.311 
2.305 
2.311 
2.277 

-1.8 
-1.0 
-0.8 
-1.0 
+0.4 

1.812 
1.680 
1.702 
1.627 
1.554 

-6.1 
+  2.0 
-  4.0 
+  5.7 
+  9.9 

2.274 
2.202 
2.271 

+0.6 
-0.2 
+0.7 

1.678 
1.731 
1.704 

+  2.7 
-0.4 
+  1.1 

2.321 
2.261 
2.217 
2.280 

-1.5 

+  1.1 
+3.6 
+0.3 

1.698 
1.723 
1.767 
1.743 

+  1.5 
0.0 

-  1.9 

-  1.1 

2.287 

1.724 

2.888 

2.014 

It  is  seen  that  in  the  first  section  the  greatest  departures  of  velocity 
from  the  mean  are  +3.6  per  cent  and  —6.9  per  cent  at  1  foot  below 
the  surface,  and  +9.9  per  cent  and  —11.1  i)er  cent  at  9.1  feet  below 
the  surface,  or  2  feet  above  the  bottom.  The  greatest  difference  in 
velocity  obtained  from  two  consecutive  1-minute  periods  is  6  per  cent 
at  1  foot  below  the  surface  and  12.5  per  cent  at  9.1  feet  below  the 
surface,  or  2  feet  above  the  bottom.  In  the  second  section  the  greatest 
departures  of  velocities  from  the  mean  are  +4.8  per  cent  and  — 3.2 
I)er  cent  at  3.6  feet  below  the  surface,  and  +10.8  i)er  cent  and  —13.3 
I>er  cent  at  23.6  feet  below  the  surface,  or  4  feet  above  the  bottom. 
The  greatest  difference  in  velocity  obtained  from  two  consecutive 
1-minute  periods  is  7  per  cent  at  3.6  feet  below  the  surface  and  13.6 
per  cent  at  4  feet  above  the  bottom.  In  the  first  section  a  velocity 
measurement  near  the  surface  may  be  in  error  7  per  cent  and  a  meas- 
urement 2  feet  above  the  bottom  may  be  in  error  11  per  cent.  In 
the  second  section  a  velocity  measurement  3.6  feet  below  the  surface 
may  be  in  error  4.8  per  cent  and  a  measurement  4  feet  above  the 
bottom  in  error  13.3  per  cent. 
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In  1899,  w.  ^  measuring  the  discharge  of  the  St.  Clair  River,  Mr. 
L.  C.  Sabin,  assistant  engineer,  made  some  experiments  to  determine 
the  pulsations  or  fluctuations  in  the  velocity  of  the  river  at  the  dis- 
charge station.  Four  meters  were  used,  placed  60  feet  apart  and 
at  the  same  depth.  In  the  first  series  of  observations  the  meters 
were  in  a  line  across  the  river  and  at  right  angles  to  the  current;  in 
the  second  series  they  were  in  a  line  with  the  axis  of  the  current. 
Simultaneous  readings  of  the  four  meters  were  taken  every  fifteen 
seconds  for  several  periods  of  ten  minutes  each.  The  results  were 
plotted,  using  time  as  abscissse  and  velocity  as  ordinates,  and  a  curve 
drawn  for  each  met<er,  showing  the  fluctuations  in  velocity  in  each 
fifteen  seconds  of  time  at  four  points  50  feet  apart.  These  curvea 
have  two  sets  of  waves — small  ones  of  fifteen  to  sixty  seconds  ampli- 
tude and  larger  ones  of  three  to  six  or  more  minutes  amplitude.  The 
range  of  velocity  as  found  from  the  large  waves  is  in  some  cases  35 
per  cent  of  the  mean  velocity  shown  by  the  meter  for  ten  minutes. 
The  curves  for  two  adjacent  meters  are  at  times  nearly  parallel,  but 
they  soon  diverge  and  cross  each  other  occasionally.  The  curves  for 
the  meters  in  a  line  with  the  axis  of  the  river  resemble  one  another 
more  closely  and  are  more  nearly  parallel  than  those  of  the  meters  in 
a  line  across  the  river.  These  experiments  indicate  that  the  pulsa- 
tions are  very  limited  in  extent  in  a  direction  at  right  angles  to  the 
current,  but  that  they  can  be  traced  for  some  distance  in  the  dii'ection 
of  the  thread  of  the  current.  The  whole  depth  of  the  river  is  affected 
by  them,  and  their  effect  decreases  from  the  bottom  toward  the  surface. 

The  practical  lesson  to  be  drawn  from  th3  experiments  by  Sabin 
and  others  is  that  velocity  observations  of  short  duration  are  of  little 
value  unless  they  are  numerous  and  well  distributed  over  the  dis- 
charge area.  In  order  to  eliminate  the  effect  of  the  pulsations,  each 
observation  should  extend  over  a  period  of  from  six  to  ten  minutes. 
Long  single  observations  and  rapid  fluctuations  of  water  surface 
elevation  require  that  discharge  be  found  from  single  observations 
in  comparatively  few  verticals,  and  that  the  ratio  of  velocity  at  this 
depth  to  mean  velocity  be  known  from  vertical  velocity  curves.  This 
emphasizes  the  need  of  a  thorough  investigation  of  the  relation  between 
velocity  and  depth  in  a  vertical  longitudinal  plane  and  the  change  in 
this  relation  with  change  of  river  stage. 

METHODS  OF  MEASURING  AND  COMPUTING  STREAM  FIX>W. 

WEIRS. 

The  discharge  of  a  stream  can  be  obtained  by  causing  it  to  flow 
over  a  weir  or  dam  the  coefficient  of  which  is  known,  by  the  substi- 
tution of  observed  data  in  a  weir  formula.  Three  sharp-crested  or 
standard  weir  formulae  are  in  use,  viz,  Francis's,  Fteley  and  Stearns's, 
and  Bazin's.  They  differ  much  in  form,  and  each  is  derived  from 
experiments  on  small  weirs  with  low  heads.     A  brief  discussion  of 
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each  formula  is  here  given  because  of  its  bearing  on  the  accuracy 
of  discharge  measurements.  Bazin  has  determined  the  values  of  the 
coefficient  of  discharge  over  weirs  of  many  other  shapes  of  crest,  and 
the  Cornell  University  experiments  of  the  Board  of  Engineers  on 
Deep  Waterways  have  extended  the  values  of  the  coefficients  of  a  few 
of  these  to  the  higher  heads.  Time  and  space,  however,  will  not 
permit  more  than  the  mention  of  them  here.  * 

The  weir  is  the  most  accurate  method  of  measuring  discharge  yet 
used  for  small  streams  if  the  coefficient  of  the  weir  be  accurately 
known.  The  head  on  the  weir  and  the  velocity  of  approach  are 
the  only  variables,  and  these  can  easily  and  accurately  be  meas- 
ured. The  disadvantages  are  (1)  the  cost  of  constructing  a  weir, 
or  the  difficulty  of  finding  one  in  use  whose  shape  closely  resembles 
one  whose  coefficient  is  known,  and  (2)  the  limited  range  of  values 
of  the  coefficient  of  a  weir  of  any  shape  and  the  limited  number  of 
shapes  that  have  been  investigated. 

FRANCIS'S  EXPERIMENTS  AND  FORMULA. 

In  1852  J.  B.  Francis  made  numerous  very  careful  measurements 
of  the  volume  of  water  passing  over  small  weirs  and  the  correspond- 
ing heads  at  Lowell,  Mass.^  His  measuring  tank  was  a  canal  lock 
which  had  a  capacity  of  12,138  cubic  feet  for  a  depth  of  9.5  feet;  the 
greatest  length  of  crest  was  10  feet;  the  head  on  the  weir  varied  from 
5  to  19  inches,  and  was  measured  with  two  hook  gages  6  feet 
upstream  from  the  crest;  the  width  of  the  channel  was  about  14  feet. 
His  formula,  derived  from  these  experiments,  is  as  follows: 

§=discharge  in  cubic  fet^t  per  second;  /f=head  on  weir,  or  difference 
in  elevation  of  weir  crest  and  water  surface;  n  is  a  constant  whose 

value  is  0  when  both 
ends  of  the  weir  are 
flush  with  the  sides  of 
the  channel,  1  when  one 
side  only  is  flush,  and  2 
when  neither  side  is 
flush ;  y= acceleration  of 
gravity.  (See  fig.  9.) 
The  head  on  the  weir 
should  be  not  less  than 
0.5  foot  nor  more  than 
2  feet,  the  depth  of  water  in  the  canal  should  be  at  least  three  time< 
the  head  on  the  weir,  and  the  air  should  have  free  entrance  under  the 
sheet.     The  velocity  of  approach  of  the  water  to  the  weir  must  be 


Pio.  9.— Sharp-crested  weir. 


•A  discuasion  of  these  ezi)eriment8,  which  were  condacted  by  George  W.  Rafter,  will  be  foaod 
In  Trans.  Am.  Soc.  Civ.  Eng..  Vol.  XLIV,  pp.  230-308. 
^LoweU  Hydraulic  Experiments,  by  J.  B.  Francis,  p.  133w 
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measured  and  the  head  corrected  for  it.     The  formula  for  this  pur- 
pose is  ft2=[(ft+fti)*  —  ^1*] ',  h  being  the  measured  head,  A,  the  head 

y2  Q 

due  to  the  velocity  of  approach  =  —l  and   Fi=  ^-.     (See  fig.  9.) 

Hamilton  Smith,  jr.,  says  of  this  formula:*  "It  stands  in  the  first 
rank  in  reliability.*' 

Francis  made  eighty-eight  experiments  with  two  weirs  of  10  and  8 
feet  length,  in  addition  to  those  to  derive  his  formula,  and  found  that 
the  greatest  percentage  difference  between  his  measured  discharge 
and  the  discharge  computed  by  his  formula  was  0.0  per  cent  for  the 
mean  of  two  experiments  and  0.68  per  cent  for  the  mean  of  eight 
experiments;  for  the  other  eleven  means  the  difference  is  less  than 
0.4  per  cent. 

FTBLBY  AND  STBABNS'S   EXPERIMENTS  AND  FORMULA. 

In  1877  and  1879  Fteley  and  Stearns**  measured  the  discharge  over 
weirs  of  5  and  19  feet  crest  length  and  the  corresponding  head  on 
weir,  from  which  they  derived  the  following  formula  for  a  standard 
weir  with  end  contractions  suppressed : 


Q=3.316  rA  +  1.5-^nt-0.0076. 


Q=discharge  in  cubic  feet  per  second,  ?>=length  of  crest,  fe=head 
on  weir,  Fi=velocity  of  approach  in  feet  per  second.  (See  fig.  9.) 
Their  measuring  tank  was  a  section  of  the  Sudbury  conduit  having 
a  capacity  of  300,000  cubic  feet  for  an  increase  in  depth  of  3  feet. 
The  head  on  the  weir  was  measured  with  a  hook  gage  6  feet  upstream 

from  the  crest.     The  term  1.5^  corrects  for  velocity  of   approach. 

The  head  on  the  weir  must  be  not  less  than  0.06  foot,  and  the  air  must 
liave  free  access  under  the  sheet.  This  formula  is  not  used  as  gen- 
erally as  is  that  of  Francis  or  Bazin.  It  was  used  by  Fteley  and  Stearns 
to  compute  the  discharge  of  the  weir  used  in  their  current-meter  and 
^weir  comparisons.     (See  p.  57.) 

bazin's  formula. 

In  1886  and  1887  Bazin  "^  made  numerous  measurements  of  the  vol- 
ume passing  over  weirs  having  lengths  of  from  0.5  meter  to  2  meters 
And  the  corresponding  heads.  From  these  he  derived  the  following 
formula  for  a  standard  weir  with  end  contractions  suppressed : 


0.0148 
and  /.=0.60754-;,(^^f^^t)' 


•Hydraulics,  by  Hamilton  Smith,  p.  98. 
>» Trans.  Am.  Soc.  Civ.  Eng.,  Vol.  XH,  p.  1. 
•  Annales  des  ponts  et  chausstee,  1888,  p.  416. 
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This  formula  is  true  for  any  system  of  units  (feet  or  meters). 
Qasdischarge,  ?;=lenf)cth  of  crest,  fe=head  on  weir,  p=di8tanee  of 
crest  above  bottom.  (See  fig.  9.)  This  formula  needs  no  correction 
for  velocity  of  approach.  The  measuring  tank  was  a  section  of  a 
rectangular  channel  200  meters  long,  2  meters  wide,  and  1.2  meters 
deep.  The  head  on  the  weir  varied  from  0.05  meter  to  0.6  meter. 
The  air  had  free  access  under  the  sheet.  Each  of  these  formula  will 
give  the  discharge  to  within  about  1  per  cent  if  the  conditions  exist- 
ing  when  the  observations  on  which  the  formula  is  based  are  exactly 
duplicated.  Discharges  computed  from  any  two  of  these  formula 
may  differ  3  per  cent. 

CURRENT  METERS. 

If  the  stream  be  small,  meter  measurements  are  made  from  a  bridge, 
if  one  can  be  found  in  a  suitable  location.     Bridge  piers,  however, 


Fiu.  10.— Method  of  using  current  meter  on  largo  river. 

disturb  the  natural  flow  of  a  stream,  as  well  as  distort  the  verticsil 
and  transveree  velocity  curves  and  render  them  of  only  local  appli- 
cation. Discharge  measurements  made  where  there  are  piers  in  the 
channel  are,  as  a  rule,  less  accurate  than  measurements  made  where 
there  are  no  piers  to  obstruct  the  flow. 

In  case  there  is  not  a  bridge  at  the  desired  place,  the  observer  wades, 
if  the  water  be  shallow,  taking  observations  of  depth  and  velocity  Ht 
as  many  points  in  the  cross  section  as  desired.  If  the  water  be  deep 
and  swift  a  cable  is  stretched  across  the  stream  at  a  convenient 
height  above  the  water,  and  a  car  or  box  is  suspended  from  it.     From 
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this  ciir,  which  is  moved  back  liiid  forth  ucross  the  stream  by  the 
observer  in  it,  the  depth  and  velocity  of  tlie  water  are  measured.  If 
the  current  be  not  swift  a  surveyor's  chain  or  a  cable  can  be  stretched 
acTosH  the  stream  temporarily  and  the  depth  and  velocity  be  meas- 
ured from  a  row1>oat  at  points  marked  on  the  chain  or  cable. 

In  a  lai^  river  like  the  Mississippi,  where  a  steamboat'can  conven- 


iently anchor,  a  method  that  has  been  used  satisfactorily  is  shown  in 
fig.  10. "  The  boat  is  anchored  in  the  proper  place,  and  a  lead  weiglit  of 
50  pounds  connected  to  the  anchor  is  lowered  over  the  stern.  Acopper 
wire  ia  connected  to  this  weight  and  to  the  spring  pole  in  the  boat, 
and  the  meter  is  moved  np  and  down  on  this  wire  by  a  rope.  The 
revolutions  of  the  met^r  are  recorded  electrically  in  the  boat,  the  cop- 

-Jonr.  Fnuiklin  Inst.,  Vol.  LXII,  ji.  IJl. 
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per  wii'e  being  connected  to  one  pole  of  the  battery  and  an  insulated 
wire  connected  to  the  meter  and  the  other  pole. 

On  large  rivers  where  boats  can  not  anchor  the  measurements  are 
made  from  a  boat  towed  by  a  steamboat. '^  The  meter  is  kept  in  posi- 
tion bj'  two  lines  of  range  poles  at  right  angles  to  e^ch  other.  The 
pilot  on  the  steamboat  steers  it  so  as  to  keep  it  in  line  with  one  range, 
while  the  engineer,  with  his  hand  on  the  steam  valve  and  his  eye  on 

the  other  range,  controls  the  speed  of  the 
boat  so  that  it  will  remain  in  a  fixed  position. 
In  a  swift  current  the  meter  and  its  sinker 
will  be  carried  downstream  a  distance  do- 
pending  on  the  weight  of  the  sinker  and  tlie 
depth  and  velocity  of  the  water.    There  are 
two  methods  of  treating  this  difficulty.    One 
is  to  apply  a  special  device  like  that  shown 
in  fig.  11  to  keep  the  meter  in  place  ;^  the 
other  is  to  compute  from  the  weight  of  the 
sinker  and  the  depth  and  approximate  ve- 
locity of  the  water  the  additional  length  of 
cable  to  use  in  order  that  the  meter  may 
sink  to  the  required  depth. '^    The  first  is  tlie 
better  for  streams  of  ordinarv  size.     In  the 
device  shown  in  fig.  11  the  stay  line  is  at- 
tached to  the  meter  and  is  passed  over  a 
pulley  at  the  end  of  the  stay  pole,  being  held 
by  an  assistant.     By  means  of  this  stay  Uu^ 
and  the  vertical  cord  the  meter  can  bo  kept 
nearly  in  position.     Instead  of  a  st^y  yh)\^ 
a  wire  cable  is  sometimes  used  to  keep  the 
stay  line  in  place. 


i.^ 
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Fio.  12.— Harlacher's  apparatas 
for  moving  a  meter  with  nni- 
form  Telocity. 


POINT  AND  INTEGRATION   METHODS. 

There  are  two  methods  of  using  a  met**r 
in  across  section,  as  follows:  (1)  Tlie  pouv 
method,  in  which  the  meter  is  held  at  cert^iin 
points  in  the  cross  section  for  a  stated  period  of  time,  usually  fif\\ 
seconds,  and  the  number  of  revolutions  of  the  wheel  of  the  meitf 
during  that  time  are  observed,  either  by  counting  the  clicks  of  .i 
buzzer  or  reading  a  register;  and  (2)  the  integration  meth«>d,  i; 
which,  instead  of  holding  the  meter  at  certain  points,  it  is  niov*-' 
with  a  uniform  speed  through  the  section,'  the  time  and  iiuuil«'^ 
of  revolutions  being  observed  as  before.  The  point  methocl  is  lb- 
more  accurate  if  sufficient  observations  are  taken  in  the  section 
The  velocity  found  by  the  integration  method  is  the  resnlt*int    . 


•Jour. West.  Soc.  Eng.,  VoL  III,  No.  3. 

«» Twentieth  Ann.  Rept.  U.  S.  Geol.  Survey,  Pt.  IV,  p.  80. 

•Jour.  West  Soc.  Eng.,  Vol.  IV,  No.  6. 
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the  velocity  of  the  water  and  that  of  the  meter  as  it  ia  carried  by 
t)ie  observer,  and  must  always  be  greater  than  the  true  velocity. 
The  error  increases  with  the  speed  of  the  meter,  and  also  increases 
as  the  velocity  of  the  water  decreases.  When  the  point  method  is 
used  the  meter  may  be  held  at  several  points  in  certain  verticals, 
in  which  ease  we  will  call  it  the  ordinary  method;  or  it  may  be  held 


Pia.  13.— DeMili  of  Harlaclier's  atiparutus  tor  moving  a  meter  witb  nuirorm  velocity. 

at  the  surface,  at  mid  depth,  and  at  llie  bottom  in  certain  verti- 
cals, and  the  dischai^e  be  found  from  tliese  (see  Moore's  method, 
p.  45);  or  it  may  be  held  at  the  surface  and  the  bottom  only  in  sev- 
eral verticals,  and  the  mean  velocity  be  found  from  these;  or  it  may 
t>e  held  at  three-tenths,  at  six-tenths,  or  at  mid  depth  in  certain  ver- 
l^icals,  and  the  mean  velocity  be  found  by  applying  a  factor.     The 
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three-tenths-depth  point*  is  used  because  it  is  said  to  be  the  point  of 
maximum  velocity  in  a  vertical,  and  a  small  error  in  the  position  of 
this  point  will  not  affect  the  result  much.  The  mid-depth  point  **  is 
employed  because  the  factor  which  is  used  to  obtain  the  mean  velocity 
is  more  nearly  constant  for  it  than  for  any  other  point  on  a  vertical 
curve.  The  six-tenths-depth  point '^  is  used  because  it  is  believed  to 
be  the  depth  of  the  thread  of  mean  velocity. 

In  the  integi-ation  method  the  meter  may  be  moved  down  several 
times  in  certain  verticals  only,  as  used  by  Harlacher,'*  or  across  the 
stream  at  a  given  depth,  as  used  by  Price  on  the  Mississippi  River 
at  Carrollton,  La.,*"  or  diagonally  across  from  one  side  to  the  other  at 
the  same  time  that  it  is  moved  from  the  surface  to  the  bottom  several 
times,  as  used  by  the  writer  and  others.  Harlacher's  apparatus  for 
moving  a  meter  with  a  uniform  velocity  is  shown  in  figs.  12  and  18. 
The  meter  B  is  moved  up  or  down  on  the  iron  tube  AA  by  the  rope 
D  attached  to  the  drum  F.  JK  is  a  bracket  holding  the  pulley  e.  G 
is  an  arm  supporting  the  drum  F^  and/j  (fig.  13)  is  a  dial  on  which  is 
registered  the  depth.  The  fan  f^  (fig.  13)  and  the  gearing  f^  regulate 
the  rate  of  motion  of  the  meter;  /g  Ls  a  crank  lever  for  raising  the 
meter,  and/g  a  ratchet  wheel  for  arresting  the  motion.  /  (fig.  12)  is 
an  electric  battery,  and  H  (fig.  12)  is  the  registering  apparatus. 

When  accurate  I'esults  are  desired  the  meter  should  be  held  with  a 
rod,  if  the  depth  be  not  too  great,  in  which  case  it  is  not  free  to  turn 
sidewise,  but  keeps  its  axis  parallel  to  the  axis  of  the  stream  and  can 
be  placed  close  to  the  bottom.  Ordinarily  it  is  held  with  an  insulated 
wire,  and  is  free  to  take  the  direction  of  the  water  at  the  point  where 
it  is  held. 

COEFFICIENT  WORK. 

« 

Coefficient  work  in  river  gaging  consists  of  obtaining  the  ratio  of 
the  velocity  at  any  point  in  the  depth  of  the  stream  (called  the  index 
point),  as,  for  example,  the  three-tenths-depth  point,  to  the  mean 
velocity  in  the  whole  depth.  When  this  ratio  or  coefficient  is  known 
for  a  vertical,  the  mean  velocity  in  that  vertical  can  be  found  by 
making  an  observation  at  the  index  point  and  applying  the  coefficient. 

Let  Cj,  (72,  C3,  etc.,  be  the  coefficients  for  the  component  parts, 
i^i,  F^y  i^s,  etc.,  of  the  discharge  area  F\  Fj,  ^2*  ^^s*  ^^">  ^*^®  observed 
velocities  at  the  index  points  of  these  areas;  and  Fthe  mean  velocity 
for  the  whole  discharge  area.  The  discharge  Q  =  FV^^C^F^  V^  + 
C,F^V^+  C,F^V,  + (1). 

A  value  of  each  of  these  coefficients  can  be  found  for  each  foot 
variation  of  river  stage.  The  discharge  of  the  stream  is  then  com- 
puted by  equation  (1)  froih  observed  values  of  Fj,  Fg,  Fj,  etc.,  at  the 

•Jour.  West.  Soc.  Eng.,  Vol.  Ill,  No.  3. 

^Report  CD  Current  Meter  Observatious,  Barlingrton,  Iow&,by  Maj.  A.  McKenzie,  ISM. 

•Proc.  In«t.  Civ.  Eng.,  Vol,  LXXI,  p.  60. 

*Ibid.,  Vol.  LXVII,  p.  a58. 

•Jour.  West.  Soc.  Eng.,  Vol.  HI,  No.  3. 


MURPHY.l  BATING   OB*   MBTERd.  39 

index  points,  using  the  set  of  values  of  the  coefficients  which  cor- 
respond with  the  observed  river  stage. 

Coefficient  work  can  be  done  with  one  current  meter,  but  it  can  be 
done  more  rapidly  with  two  or  more  meters.  When  two  meters  are 
used,  one  is  placed  at  the  index  point  and  the  other  is  held  for  several 
minutes  at  as  many  points  in  the  vertical  as  desired,  and  simultaneous 
readings  of  the  two  meters  are  obtained  at  each  point.  The  two 
meters  are  occasionally  held  at  the  same  depth  and  relative  readings 
of  the  meters  are  obtained.  A  chart  can  be  prepared  from  the  ratings 
of  the  meters  in  still  water  which  will  give  the  velocity  ratio  from 
the  simultaneous  readings  of  the  two  meters.  For  example:  The 
index  meter  at  three-tenths  depth  indicates  2.34  revolutions  per  sec- 
ond. The  other  meter,  at  eight-tenths  depth,  indicates  2.05  revolu- 
tions per  second.  The  chart  shows  the  velocity  ratio  for  these  meter 
speeds  to  be  0.89.  From  the  velocity  ratio  at  each  tenth  of  the  depth 
the  ratio  of  the  mean  velocity  in  the  vertical  to  the  index  velocity,' or 
C,  is  found. 

This  coefficient  method  of  gaging  is  better  and  more  accurate  for 
large  streams  than  the  slower  one  in  which  velocity  observations  are 
made  at  several  points  in  each  vertical,  on  account  of  the  rapid 
changes  of  surface  elevation  of  the  stream. 

RATING  OF  METERS  AND   CONSTRUCTION  OF  RATING   TABLES. 

The  accuracy  of  a  discharge  measurement  depends  largely  on  the 
accuracy  of  rating  the  meter  used.  Errors  of  observation  are  as  likely 
to  be  too  large  as  too  small,  and  are  compensating.  Errors  in  a  rating 
table  always  have  the  same  sign  and  are  cumulative,  hence  they  should 
be  eliminated  or  reduced  to  a  minimum. 

There  are  two  kinds  of  rating  of  a  current  meter,  absolute  and  rela- 
tive. From  the  former  the  absolute  velocity  at  a  single  point  is  found ; 
from  the  latter  the  ratio  or  coefficient  of  velocity  at  any  two  points  is 
found.  The  former  is  usually  employed  in  still  water,  the  latter  in 
running  water. 

Four  methods  have  been  used  for  rating  meters:  (1)  By  the  use  of 
surface  floats;  (2)  by  moving  the  meter  through  still  water  with  a 
known  velocity;  (3)  by  observing  velocity  at  many  points  in  a  cross 
section  and  comparing  this  with  the  known  mean  velocity;  and  (4)  by 
attaching  the  instrument  to  a  long  arm  and  revolving  it  about  a  ver- 
tical axis  in  a  body  of  still  water.  The  second  method  is  the  one  now 
universally  used.  The  meter  is  suspended  from  a  car  or  a  boat  and  is 
moved  with  a  uniform  velocity  through  still  water  at  a  depth  of  2  or 
more  feet  below  the  surface.  The  length  of  a  run  varies  from  100  to 
300  feet,  with  a  starting  run  sufficient  to  allow  the  meter  wheel  to 
reach  the  proper  speed  before  entering  the  run.  It  is  moved  across 
and  back  over  the  run  to  eliminate  the  effect  of  velocity  in  either 
direction.     The  rating  equipment  should  he  such  as  to  give  time  of 
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run  to  the  tenth  of  a  second  and  speed  of  meter  to  the  tenth  of  a  revo- 
lution (a  chronograph  recording  time,  revolutions,  and  the  instants  of 
beginning  and  ending  the  run  should  meet  this  requirement). 

The  range  of  velocities  employed  in  rating  should  be  those  for  which 
the  meter  is  to  be  used.  If  it  is  to  be  employed  mainly  to  measure 
low  velocities  the  sx)eeds  in  rating  should  be  low.  The  rating  table 
should  not  be  extended  beyond  the  limits  of  velocity  used  in  the 
rating. 

The  relation  between  distance  passed  over  by  the  meter  and  the 
corresponding  revolutions  of  the  meter  wheel  is  often  assumed  to  be 
a  straight  line.  It  is  always  a  curved  line,  and  must  be  so  on  account 
of  friction  of  bearings  and  inertia  of  moving  wheel.  A  velocity  of 
from  0. 1  to  0. 5  foot  per  second  is  necessary  to  start  the  wheel.  As  the 
velocity  increases  the  effect  of  friction  and  inertia  becomes  propor- 
tionately less  and  the  curve  approaches  a'  straight  line.  The  relation 
between  velocity  and  revolutions  of  wheel  per  second  is  of  the  second 
degree  and  concave  to  the  axis  of  velocity.  For  velocities  of  2  or 
more  feet  per  second  this  curve  differs  little  from  a  straight  line. 

The  results  of  the  rating  are  usually  plotted  on  squared  x)aper, 
using  revolutions  per  second  as  ordinates  and  velocity  as  abscissae, 
and  all  observations  that  fall  much  from  a  well-defined  line  are 
rejected.  If  this  line  be  nearly  straight  between  the  limits  of  the 
observed  revolutions  its  equation  is  assumed  to  be  of  the  form 
y=a+hx,  y  being  velocity,  x  revolutions  per  second,  and  a  and  &  con- 
stants. If  the  results  indicate  a  curved  line  its  equation  is  assumed 
to  be  of  the  form  y=^a+bx+ca^.  There  are  two  methods  of  pre- 
paring the  rating  table  from  the  observations.  The  first  method  is 
rapid.  The  most  probable  curve  is  drawn  among  the  plotted  observa- 
tions, and  the  velocities  to  tenths  of  a  revolution  are  read  from  the 
curve.  In  the  second  method  the  equation  of  the  most  probable 
relation  is  derived  by  the  method  of  ** least  squares"  and  then  the 
table  is  prepared  from  the  equation.  The  writer  has  found  it  better 
to  plot  values  of  x  and  the  ratio  y  to  x  (see  fig.  29,  p.  89)  instead  of  x 
and  y.  The  reason  is  that  the  ratio  y  to  x  changes  rapidly  as  x 
increases  and  can  be  read  more  accurately  from  this  curve  than 
from  a  nearly  straight  line.  It  can  be  shown  mathematically  that 
these  curves  are  approximately  branches  of  hyperbolas. 

The  second  method,  which  is  to  derive  the  equation  of  the  most 
probable  relation  between  velocity  and  revolutions  by  the  method  of 
"least  squares,"  first  rejecting  the  observations  that  fall  much  out- 
side of  a  well-defined  curve,  is  the  most  accurate,  but  it  requires  the 
most  time.  If  the  meter  is  to  measure  low  velocities  to  within  1  per 
cent,  the  second  method  must  be  used.  It  gives  n  observation  equa- 
tions of  the  form  y^a+bx^^v  if  the  relation  be  linear,  or  i/— a— bar— 
cx^=iv  if  it  be  a  parabolic  curve,  v  is  a  small  quantity  called  a  residual, 
or  a  residual  error.  Its  value  would  be  zero  if  the  observations  were 
perfect.     According  to  the  princii)le  of  least  squares,  the  best  values 
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of  the  conRtants  are  those  that  make  the  sum  of  the  squares  of  the 
residuals  a  minimum. 
Squaring  each  of  these  n  equations  and  adding,  we  have 

2v^^v^^Jtv^^-\-v^^J^  .    .    .    ^[y''-a-hx'''Cx'^Y'\-[if''a'-'hx"-cx"^Y 

Taking  the  first  derivative  of  this  equation  with  respect  to  a,  6,  and  c 
and  placing  these  equal  to  0,  we  have 

^7(^==-2[y-a-6ar'-ca;'2]-2[2/''-a-.6x''-caj''2]     .     .     .     .     =0 


d 


d 


db 
dc 


=  -2x'  [y'-^a'-bx'-cx'^]-2x"  [2/"-a-bcr"-ca;"2]      .     .     .     =o 


=  -.2a;''[t/'-a-6x'-ca?'2]-2.r"2ft/"-a-6x"-cj:"2]  .     .     .     =o 


From  these  normal  equations  the  values  of  a,  6,  and  c  can  be  found. 

For  the  linear  function  these  equations  become  two  in  number  and 

have  the  form 

a2x+b2x^=2xy 

na+b2x  =2y 

and  a  and  &  are  found  from  these  equations. 

This  relation  between  revolutions  per  second  and  velocity,  whatever 
it  may  be,  is  not  constant.  Below  are  given  the  ratings  of  a  Price 
meter,  obtained  by  J.  C.  Bailey,  United  States  assistant  engineer.  "* 

RestUts  of  four  ratings  of  a  Price  meter  used  in  1892  on  Niagara  River. 


Date. 

Number 

of  obeer- 

yations. 

Velocity. 

Meter  coefflcients. 

Remarks. 

a 

b 

April  SSB 

20 
34 
49 
43 

Ft.  per  9ec. 
2.^  to  7. 8 
2.1  to  6.7 
1.7to7.7 
2.0to8.0 

4.23U 
4.266 
4.016 
4.130 

+0 

+0.061 
+0.207 
+0.087 

Still  water;  base  150  feet  lone. 

April  2B 

Do. 

May  4 

Do. 

May  17 

Still  water;  base  300  feet  long. 

4.168 

+0.0848 

. 

Values  computed  from  two  ratings  of  current  meter  on  April  29  and  May  4, 1892, 

[April  29,  Fi=4.256«+0.061;  May  4,  Fj=4.046/2-H).207.] 


Vi-Vx 

R 

Vi 

F, 

Fa-Ki 

r. 

0.05 

0.274 

0.409 

0.136 

0.314 

0.10 

0.487 

0.612 

0.125 

0.204 

0.15 

0.009 

0.814 

0.115 

0.141 

0.20 

0.912 

1.016 

0.104 

o.ioe 

0.25 

1.125 

1.219 

0.094 

0.077 

0.30 

1.838 

1.421 

0.083 

0.058 

0.35 

1.551 

1.623 

0.072 

0.0U 

0.40 

1.763 

1.825 

0.062 

0.QB4 

0.45 

1.967 

2.028 

0.052 

0.026 

0.50 

• 

2.189 

2.230 

0.041 

0.018 

■EngiDeerinK  News,  Vol.  XXIX,  1893. 
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The  foregoing  table  shows  that  if  on  May  4  velocity  measarements 
had  been  made  from  0.05  to  0.50  revolution  per  second  and  the  rating 
table  of  April  29  had  been  used  the  results  would  be  in  error  from  1.8 
per  cent  to  31.4  per  cent.  It  is  true  that  neither  set  of  values  of  a  and 
6  was  determined  for  low  velocities.  This,  however,  emphasizes  the 
fact  that  values  of  a  and  b  found  for  high  velocities  may  be  greatly 
in  error  for  the  low  velocities  if  the  linear  relation  is  assumed.  These 
four  ratings  of  a  meter  in  less  than  one  month  show  considerable 
variation  in  the  values  of  a  and  &,  and  indicate  that  when  a  meter  is 
in  constant  use  its  rating  should  be  examined  once  a  week  if  accurate 
work  is  required. 

A  rating  table  that  gives  velocity  to  only  two  places  of  decimals  is 
not  sufficiently  accurate  for  low  velocities.  To  illustrate  this  we  will 
take  the  case  of  the  rating  table  of  small  Price  met-er  No.  363,  ratted  at 
Chevy  Chase,  Md.,  June  26,  1900.  The  velocity  corresponding  with 
0.05  revolution  per  second  is  given  as  0.17  foot  per  second.  This  may 
mean  any  value  from  0.166  foot  per  second  to  0.174  foot  per  second. 
This  is  2.04  per  cent  of  0.17.  Hence  if  the  computed  revolutions 
were  either  0.166  or  0.174  the  error  introduced  by  using  this  rating 
table  would  be  2.4  per  cent.  The  following  table  shows  the  error 
for  other  velocities  given  in  this  rating  table.  If  the  velocity  be  0.25 
foot  per  second  it  may  be  in  error  nearly  2  per  cent  if  found  from 
this  table. 


Table  showing  greatest  percentage  error  in  rating  table  of  small  Price  meter  No. 
363,  which  gives  velocity  to  only  ttvo  places  of  deciTnals, 


Revolu- 

Error 

Revola- 

Error 

tions  per 

Velocity. 

0.004 

tioDS  per 

Velocity. 

0.004 

• 

second. 

V 

second. 

V 

Ft.  per  see. 

Per  cent. 

Ft.perttec. 

Per  cent. 

0 

0.06 

6.7 

0.25 

0.63 

0.6 

0.05 

0.17 

2.4 

0.30 

0.75 

0.5 

0.10 

0.29 

1.4 

0.35 

0.86 

0.5 

0. 15 

0.40 

1.0 

0.40 

0.96 

0.4 

o.ao 

0.52 

0.8 

0.45 

1.09 

0.4 

Darcy  and  Bazin  employed  the  first  three  methods  to  rate  the  Pitot 
tube  which  they  used  in  their  hydraulic  investigations  on  canals.' 
Fig.  2,  page  19,  shows  this  instrument  as  they  used  it.  A  discussion 
of  the  results  of  the  ratings  is  given  here  on  account  of  the  light 
they  throw  on  accuracy  tests. 


•Recberches  hydrauliqnes,  by  Darcy  and  Bazin,  1865,  pp.  63-70. 
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Restdts  of  Piiot  tvbe  ratings  by  Darcy  and  Bazin, 


First  method.  * 


No.  of 
ex- 
peri- 
ment. 


2 
3 
4 

5 
6 

I 

8 

9 

10 

II 

l:i 
13 
11 
15 
16 
17 


Value  l£;^; 
of  ooef  -  ^^^\ 
flclent.  «»P«'* 


ments. 


0.967 
1.0S4 
0.981 
1.013 
1.006 
0.988 
1.012 
1.008 
1.008 
1.000 
1.007 
1.015 
1.039 
0.994 
1.007 
1.083 


8 
8 
8 
8 
8 
8 
8 


1.006 


Second  method.^ 


Veloc- 
ity of 
boat. 


Value 
of  ooef - 
flclent. 


Meters. 
0.600 
0.682 
0.786 
0.938 
0.980 
1.130 
1.231 
1.333 
1.385 
1.47T) 
l.SOO 
1.611 
1.661 
1.775 
1.810 
1.863 
1.930 
1.978 
2.084 


1.040 
l.(J53 
1.032 
1.033 


040 
015 
028 


1.(32 


048 
029 
040 
1.083 
1.027 
1.042 
1.081 


1. 
1. 
1. 
1. 


027 
089 
025 
037 


1.084 


Num- 
ber of 
experi- 
ments. 


2 
1 
3 
1 
3 
1 
1 
1 
1 
1 
1 
2 
1 
1 
3 
3 
1 
4 
1 


Third  method." 


Deslffnatlon 
of  ezperi-      Value 
ment.       ,  of  coef- 
ficient 


Series. 


51 
51 
51 
62 
SS 
52 
58 
59 
60 
61 
62 
63 
64 
64 
65 
66 
66 
68 
71 
72 
73 
74 
84 
84 
&5 
85 
85 
88 
88 
88 
88 


No. 


1 
2 
3 
1 
2 
3 
4 
4 
2 
4 
4 
3 
1 
2 
4 
1 
2 
4 
6 
5 
4 
4 
2 
3 
1 
2 
3 
1 
2 
3 
4 


1.021 
1.010 
1.018 
1.029 
l.OUO 
1.006 
1.005 
0.960 
0.968 
0. 986 
0.966 
0.088 
0.996 
0.988 
0.978 
1.015 
0.984 
0.976 
0.968 
1.017 
0.967 
1.014 
1.014 
0.984 
0.998 
0.097 
0.990 
0.996 
0.986 
0.980 
0.998 


0.998 


Mean 
Veloc- 
ity. 


1. 
2. 


Meters. 
0.508 
0.768 

i.a» 

0.376 
0.542 
0.094 
1.429 
2.318 
2.671 
1.267 

199 
0.856 
0.948 
1.511 
1.464 
1.675 
1.497 
1.810 
679 
612 
1.229 
1.083 
1.246 
1.011 
1.218 
1.473 
0.894 
0.921 
0.955 
1.010 


1. 
1. 


ChanneL 


Shape. 


'4 

•) 

'] 

•) 
•) 
•) 
0 

I] 


Width. 


Meters. 
0.8 
0.8 
0.8 
0.48 
0.48 
0.48 
1.904 
1.004 

X.  iltfv 
1. 994 
1.904 
1.994 
1.904 
1. 994 
1.  W4 
1. 994 
1.994 

1.40 

1.40 

1.40 

1.40 

1.990 

1.99Q 

1.900 

1.990 

1.990 

1.990 

1.990 

1.990 

1.990 


*  By  surface  floats. 
^  In  still  water. 

*  In  moving  water. 

**  Rectangrnlar  covered  wooden  channel. 

*  Rectangular  ojieii  wooden  channel  covered  with  cloth. 
'Trapezoidal  open  wooden  channel  covered  with  cloth. 
R  Semicircular. 

I*  Rectangular. 

In  the  first  method  the  floats  were  run  over  a  distance  of  40  meters 
and  the  tube  was  held  with  its  point  0.02  meter  below  the  surface  of 

the  water.     C  i»  found  from  v=CJ2g-^^v  being  known  from  the 

floats.  In  the  second  method  the  tube  was  fastened  in  front  of  a 
boat  and  was  drawn  through  still  water  at  different  observed  veloci- 
ties. In  the  third  method  the  instrument  was  held  at  many  points  in 
»  cross  section  of  an  experiment  canal  2  meters  wide,  the  mean  veloc- 
ity in  which  was  known,  and  the  mean  velocity  as  shown  by  the 
tube  was  computed. 

It  is  seen  that  the  three  values  of  C  found  by  these  three  methods 
differ  somewhat,  although  each  is  the  mean  of  many  observations. 
The  value  found  by  the  second  method  (the  one  now  commonly  used) 
is  the  largest  of  the  three  and  is  rejected  on  account  of  the  action  of 
the  boat  on  the  instrument.  The  pull  on  the  boat  as  it  was  drawn 
through  the  water  tipped  the  point  of  the  tube  down  slightly,  making 
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ito  indications  less,  than  they  shoald  be  and  making  C  too  large.  By 
the  first  method  the  mean  of  experiments  Nos.  2  to  8  is  1.0016  and 
the  mean  of  experiments  Nos.  9  to  17  is  1.0122.  The  difference 
between  these  is  nearly  1  per  cent  of  the  former.  The  greatest  vari- 
ations from  the  mean  of  all  the  observations  by  the  first  method  are 
+  1.8  per  cent  and  —2.6  per  cent.  The  value  of  C  found  by  the  third 
method  is  0.993,  obtained  from  thirty-one  measurements  of  discharge 
of  the  experiment  canal.  The  tube  was  held  at  many  points  in  the 
cross  section.  The  variations  from  this  mean  are  +3.6  per  cent  and 
—2.8  per  cent.  Darcy  uses  the  mean  of  the  values  found  by  the  first 
and  third  methods,  which  makes  (7=1.  The  extreme  variations  from 
this  mean  are  +3.9  per  cent  and  —3.5  per  cent.  The  velocity  of  the 
water  during  these  ratings  varied  from  0.5  to  2.5  meters  per  second, 
or  from  1.64  feet  to  8.20  feet  per  second. 

GENERAL  FORMULA  FOR  COMPUTING  DISCHARGE. 

Whatever  method  is  used  in  computing  discharge,  the  depth  must 
be  known  at  a  sufficient  number  of  points  in  the  cross  section  to 
determine  the  cross-sectional  area  with  the  required  degree  of  accu- 
racy. For  a  small  stream  it  should  be  known  at  each  foot  of  width, 
for  large  streams  at  each  5  or  10  feet  of  width. 

The  cross-sectional  area  {F)  is  found  from  the  following  formala: 

^=-  [^^1+4  (dj+d^+de+dn-,)  +2(d^+d5+d;+dn)+dn+l] 

di,  dj,  dj,  etc. ,  being  depths  and  h  the  distance  between  the  points  where 
the  deptlis  are  measured. 
The  general  formula  for  the  discharge  per  second  is 

Q=F,\\+F^\\+F,V^+Fr,V..,  (1) 

Fx,  F2,  F^,  etc.,  are  the  component  parts  of  the  cross  section,  and 
^"11  ^2?  ^8>  ^^'i  *^®  mean  velocity  in  each  of  these  parts.  If  the 
width  of  these  component  parts  is  b  and  the  mean  depth  in  each  is 
(ii,  dj,  dj,  this  formula  can  be  written 

Q=b  (  V,d,+  V^+  VA+ ).  (2) 

If  d^=(J2=ds — ,  that  is,  if  the  channel  is  rectangular  in  cross  section, 
then  formula  (2)  becomes 

Q=.bd  ( F,+  V,+  F3+ ).  (3) 

The  component  velocities  are  found  (1)  from  a'single  observation  at 
some  depth  by  applying  a  coefficient,  as  a  mid-depth  velocity  obser- 
vation multiplied  by  0.95,  or  a  six- tenths-depth  observation  multi- 
plied by  unity,  and  (2)  from  a  vertical  velocity  curve.  The  latter,  as 
already  explained,  is  found  from  numerous  observations  at  points  in 
the  depth,  and  the  mean  velocity  in  this  vertical  is  then  the  area 
inclosed  between  the  vertical  curve  and  a  vertical  line  representing  no 
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velocity  divided  by  the  depth.    Harlacher's  method  of  integrating  '  in  a 

vertical  gives  each  component  velocity  very  readily  and  quickly.    Any 

RC 
component  velocity  is  -y-,  R  being  the  observed  revolutions,  T  the 

observed  time  in  seconds,  and  C  the  number,  which  changes  from 
revolutions  to  velocity. 

In  measuring  the  discharge  of  a  large  river  the  component  veloci- 
ties are  always  found  from  an  observation  at  some  given  depth  and 
the  use  of  a  coefficient.  As  the  depth  or  stage  of  a  river  is  almost 
constantly  changing,  it  is  necessary  to  make  the  velocity  observation 
in  a  short  time — one  or  two  hours  at  most.  The  value  of  the  coeffi- 
cient to  use  to  reduce  observed  velocity  at  any  depth  to  mean  velocity 
in  that  vertical  should  be  found  from  measurement  if  possible. 

The  discharge  measurements  of  the  Niagara  River  made  in  1897 
and  1898  by  the  United  States  Board  of  Engineers  on  Deep  Waterways  ^ 
from  the  international  bridge  3  miles  below  the  head  of  the  river, 
were  computed  from  velocity  observations  at  three-tenths  depth,  using 
coefficients  whose  values  were  found  from  vertical  velocity  curves. 
The  meter  stations  were  about  80  feet  apart  and  were  at  the  middle 
of  each  half  sp&n  of  the  short  spans  and  at  the  middle  of  each  one- 
.third  span  of  the  long  spans.  The  value  of  the  coefficient  for  reduc- 
ing observed  velocity  to  mean  velocity  ranged  from  0.61  to  1.17,  being 
influenced  by  the  piers  of  the  bridge. 

T.  V.  Moore  in  his  discharge  measurements  of  the  Thames^  assumed 
the  vertical  velocity  curve  to  be  a  parabola,  and  computed  its  area 

from  the  formula  -4=^  [  Fg+4Fm+  Ft],  d  being  the  depth,  Fg  the  sur- 
face velocity,  Fm  the  velocity  at  mid  depth,  and  Ft  the  bottom  veloc- 
ity.   The  discharge  per  second  flowing  between  the  end  sections  he 

computed  from  the  formula  V=^[2Ax+^2A2+22A^]yhhemgthe 

distance  between  the  consecutive  sections,  2Ai  the  sum  of  the  two  end 
sections,  2A2  the  sum  of  the  odd  sections,  and  2A^  the  areas  of  the 
even  sections.  The  discharge  is  found  b}^  adding  to  this  the  small 
volume  flowing  between  each  end  section  and  the  shore. 

T.  G.  Ellis,  in  computing  the  discharge  of  the  Connecticut  River 
in  1874,  multiplied  the  velocity  at  mid  depth  in  each  component  area 
by  0.95  to  find  the  mean  velocity  in  that  area.**  In  computing  the 
discharge  of  the  Mississippi  River  in  1882  the  velocity  at  mid  depth 
in  each  component  area  was  multiplied  by  0.91  for  the  observations 
taken  when  the  river  was  covered  with  ice,  and  by  0.96  when  free  from 
ice,  to  reduce  the  mean  velocity  in  a  vertical.®  From  1885  to  1887  the 
velocity  at  six-tenths  depth  was  observed  in  the  component  areas,  and 
this  was  taken  as  the  mean  velocity  in  each  area. 

•  Proc.  iMt.  Civ.  Bnff.,  Vol.  LXVn,  p.  358.  •  Proc.  Inst.  Oiv.  Eng.,  Vol.  XLV,  p.  220. 

<>  Joar.  Weet.  Sec.  Bug.,  Vol.  IV,  No.  6.  ^  Trans.  Am.  Soc  Civ.  Eng.,  VoL  IV,  p.  806. 

•Jour.  West  Soc.  Eng.,  Vol.  Ill,  No.  a 
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Ilarlacher's  method  of  compating  flood  discharge  whore  the  surface 
velocity  only  could  be  measurwl  ia  illoBtrated  in  iig.  l-i."  The  surface 
velocity  was  measured  at  a  sufficient  number  of  points  {1,  2,  3,  etc.) 
in  the  cross  section  ACB  to  determine  the  surface  velocity  eun-e 
ADB.  The  line  ACB  shows  the  depth  at  each  point  and  is  plotted 
from  soundings  taken  immediately  before  or  after  the  flood. 


FiO.  11.— DUernm  lUaatratiDg  HarlHcUor's  mathod  of  oampatlDS  flood  dischmrge. 

The  openings  between  EF  and  OH  are  bridge  piers,  the  meaanre- 
ments  being  made  from  a  bridge.  Theprodnctof  the  surface  velocity 
V,  and  the  corresponding  depth  t  is  found  for  a  sufficient  number  of 
points,  depending  on  the  irregularity  of  the  bottom  and  the  curve 
AEFGHB  drawn.  The  discharge  per  second  is  the  area  between  the 
line  AB  and  the  curve  AEFGHB,  less  the  piers,  multiplied  by  0,85. 


SURFACE  FLOATS  AND  PITOT  TUBE. 

On  page  43  we  have  given  the  results  of  three  ratings  of  a  T*itot 
tube  by  Darcy  and  Bazin.*'  In  the  first  method  the  surface  velocily 
was  found  from  surface  floats  and  a  Pitot  tube,  as  already  describe<l. 
Ninety-two  experiments  were  made.  The  results  are  combined,  accord- 
ing to  velocity,  into  seven  groups  of  eight  experiments  each  and  nine 
groups  of  four  experiments  each.  The  value  of  the  coefficient  as  found 
from  the  first  seven  groups  differs  from  that  found  from  the  mean  of 
the  last  groups  by  about  1  per  cent.  The  e-^ctreme  variations  of  these 
individual  means  from  the  mean  of  all  the  experiments  are  —  1.8  per 
cent  and  +  2.5  per  cent.  The  individual  values  of  the  coefficient  are 
not  given.  Their  extreme  variation  from  the  mean  of  all  most  be  at 
least  twice  that  of  the  individual  means  from  the  general  mean. 

'  Proc.  iDBt.  civ.  Bne-,  Vol.  XCI,  p.  3M. 
■RechercbmhydniallqDe8,by  Dwcy  and  Buln,  IMS,  pp.  03-70. 
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PITOT  TUBE  AND  RECTANGULAR  ORIFICES. 

On  page  43  ai-e  given  tlie  results  of  h  third  rating  of  a  Pitot  tube 
by  Darcy  and  Bazin  (third  method).  This  is  also  a  comparison  of  the 
discharge  of  a  canal  2  meters  wide,  as  found  from  rectangular  orifices 
and  as  found  from  numerous  velocity  measurements  in  a  cross  section 
of  the  canal  with  the  same  Pitot  tube.  The  discharge  of  the  rec- 
tanguhir  orifices  admitting  water  to  the  canal  was  determined  by 
experiment  for  different  heads  on  them.  The  number  of  velocity 
measurements  in  each  experiment  or  discharge  measurement  varied 
with  the  depth  of  the  water  in  the  canal,  being  from  twenty-seven  in 
the  smallest  channel,  which  was  0.30  meter  by  0.48  meter,  to  ninety- 
one  in  the  canal  2  meters  wide.  The  points  of  measurement  were 
nearest  together  where  the  velocity  changed  most  rapidly.  The  results 
of  thirty-one  discharge  measurements  are  given,  the  mean  velocity 
varying  from  0.38  meter  to  2.57  met>ers  per  second.  The  extreme  vari- 
ations from  the  mean  of  all  the  values  of  the  coefficient  are  +  3.6  per 
cent  and  —  2.8  per  cent. 

DOUBLE  FLOATS  AND  CURRENT  METER. 


ELLIS'S  EXPERIMENTS. 

In  1874  T.  G.  Ellis  ma<le  numerous  velocity  measurements  of  the 
Connecticut  River  at  Thompsonville,  Conn.,  with  current  meters  and 
with  double  floats  like  that  shown  in  fig  1.'*  Vertical  velocity  curves 
were  obtained  in  planes  parallel  with  the  axis  of  the  river  and  100 
feet  apart,  with  the  meters  and  with  the  floats.  Each  of  these  curves 
was  plotted  on  cross-section  paper  and  divided  into  tenths  of  the 
depth.  All  of  the  curves  in  which  the  mean  velocity  was  less  than 
1.86  feet  were  combined  by  combining  all  the  observations  at  each 
tenth  of  depth;  all  in  which  the  mean  velocity  was  more  than  1.86  feet 
were  combined  in  the  same  way.  From  the  resultant  vertical  velocity 
curves  the  results  in  the  following  table  are  taken : 

Comparison  of  velocity  by  double  floata  and  current  meters  from  measurements  by 

T.  G,  Ellis  07i  Connecticut  River  in  1874, 


Mean  velocity .  in  feet  per  second,  at  various  depths. 

Varia- 
tion. 

Observations. 

Sur- 
face. 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

Bot- 
tom. 

Mean. 

Meter  below  av. 

P.ct. 

velocity  1.86. . 
Float  below  av. 

1.15 

1.19 

1.22 

1.22 

1.19     1.14 

1.11 

1.08  ;  0.94 

0.79 

0.46 

1.063 

1 

25.8 

velocity  l.«6  .. 

1.50 

1.62 

1.52 

1.53 

1.49     1.46 

1.36 

1.29     1.20 

0.97 

0.58 

1.337 

Meter  above  av. 

.            1 

velocity  1.86.. 

2.96 

3.08 

3.12 

3.06 

2.99     2.91 

2.78 

2.62     2.42 

2.16 

1.47 

2.735 

Float  above  av. 

5.7 

velocity  1.86... 

3.26 

3.24 

3.17 

3.17 

3  11     3.01     2.94     2.80 

2.60 

2.35 

1.78 

2.801 

AU    meter    ob- 

1 

servatloos 

2.05 

2. 12     2. 15 

2.13 

2.  OH     2.01     1.93     1.81 

1.67 

1.47 

0.96 

1.887 

■ 

AU  float  obeer- 

1 

' 

12.0 

vatioofl 

2.38 

2.38 

2.36 

2.35 

2.30 

2.23     2.15     2.04     1.90 

1.60 

1.18 

2.114 

»•  Rept.  Chief  Eng.  CJ.  S.  A.,  1878,  Appendix  B. 
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It  is  seen  from  the  foregoing  table  that  the  velocity  as  found  with 
the  meter  is  from  6  to  26  per  cent  less  than  that  found  with  the  floats, 
and  that  the  difference  between  the  meter  and  float  velocities  increases 
as  the  velocity  decreases. 

Ellis  gives  also  the  following  values  of  the  ratio  of  mean  velocity 
in  a  vertical  ( Vm)  to  mid-depth  velocitj'-  in  that  vertical  (  Fj  D)  and 
the  ratio  of  distance  below  the  surface  of  mean  velocity  (m)  to  totb\ 
depth  {D). 

Mean  ratios  from  vertical  velocity  curves  obtained  by  Ellis  on  Connecticut  River 

in  I874» 


Meter  at  low  velocities 

Floats  at  low  velocities 

Mean  of  low  velocities 

Meter  at  high  velocities 

Floats  at  high  velocities 

Mean  of  hifth  velocities 

Mean  of  meter  measurements 
Mean  of  float  measurements. . 
Mean  of  all  measurements 


ions. 

Vm-i-ViD 

- 

■i-D 

as83 

a  918 

asQO 

a  939 

a  961 

a944 

a99r7 

a  947 
a940 

a6S6 

aos 

a6G3 

a6S 

a637 

aes 

0.69^ 

a6ae 
a6S 

Vm 
From  the  foregoing  table  it  is  seen  that  y-jj  varies  from  about  0M2 

tn 
to  0.90  and  jy  from  0.62  to  0.60 — about  the  same  range  of  values. 

MARK'S  EXPERIMENTS. 

In  October,  1879,  G.  A.  Marr  made  simultaneous  velocity  measure- 
ments of  the  Mississippi  River  at  Burlington,  Iowa,  with  double  iloaUi 
like  those  shown  in  fig.  1  and  with  five  current  meters.*  The  river 
where  measured  was  about  2,000  feet  wide,  and  the  path  of  the  floats 
was  near  the  center,  where  the  depth  was  about  16.4  feet.  Ten  floats 
were  run  in  succession  in  a  period  of  about  twenty-five  minutes  over 
a  distance  of  200  feet,  and  the  time  of  entering  and  leaving  each 
quarter  of  the  run  was  recorded  on  a  chronograph  of  eight  pens.  The 
five  current  meters  were  fastened  to  a  cable  held  vertically  16  feet 
below  the  end  of  the  run.  One  meter  was  at  mid  depth  (the  depth  of 
the  lower  float),  and  the  other  four  were  arranged  two  above  and  two 
below  it,  so  as  to  divide  the  depth  into  equal  parts.  One  pen  of  the 
chronograph  recorded  the  time  of  passage  of  each  float,  two  recorded 
the  time  as  shown  by  a  chronometer,  and  the  other  five  recorded  the 
revolutions  of  the  five  meters.  From  a  table  giving  the  velocity  of 
each  fioat  over  each  quarter  of  the  run  and  the  velocity  shown  by 
each  of  these  meters  during  the  time  of  passage  over  these  distances 
the  following  table  has  been  prepared: 

•  Report  on  Carrent  Meter  Observations,  Burlington,  Iowa,  by  MaJ.  A.  McKenzle.  1884. 
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Comparison  of  velocity  by  double  JloaUt  and  current  meters  from  measurements  by 
O,  A,  Marr  on  Mississippi  River  at  Burlington^  lowa^  October,  1879. 


Mean  velocity  found 

Mean  velocitv  found 
from  60-foot  run. 

from  aOO^foot  run. 

Number 
of  float. 

Difference 
iVm-Vf). 

Difference 
{Vm-Vf). 

Float 

Meter 

Float 

Meter 

iVf). 

(Fm). 

iVf). 

(Fm). 

Ft.peraec 

Ft.  per  aec 

Ft.  per  gee. 

Ft.  per  tec. 

Ft.  per  aec 

Ft.per§ec 

1 

2.543 

2.604 

+0.061 

2.660 

2.6m 

-0.088 

2 

2.741 

2.546 

-0.196 

2.976 

2.667 

-0.319 

3 

2.634 

2.520 

-0.114 

2.674 

2.630 

-0.044 

4 

2.446 

2.435 

-0.011 

2.456 

2.481 

+0.026 

5 

2.860 

2.468 

-0.382 

2.847 

2.590 

-0.257 

6 

2.672 

2.700 

+0.028 

2.778 

2.648 

-0.129 

7 

2.514 

2.545 

+0.081 

2.674 

2.484 

-0.190 

8 

2.832 

2.457 

-0.875 

2.857 

2.749 

-0.108 

9 

2.476 

2.625 

+0.149 

2.568 

2.821 

+0.252 

10 

2.829 

2.758 

-0.071 

3.012 

2.828 

-0.189 

2.664 

2.566 

2.750 

2.648 

In  the  foregoing  observations  the  velocity  of  a  float  was  not  the 
same  over  each  50-foot  length  of  the  run.  Each  velocity  given  in  the 
second  column  is  a  mean  for  the  whole  run  of  200  feet,  and  the  meter 
velocity  in  the  third  column  is  for  the  time  of  the  full  run.  The 
velocity  in  the  fifth  column  is  for  the  fourth  section  of  the  run,  and 
the  corresponding  number  in  that  column  is  the  meter  velocity  for 
the  next  consecutive  and  equal  interval  of  time.  The  chief  thing  to 
be  noticed  is  that  the  float  velocity,  whether  computed  from  the  whole 
run  of  200  feet  or  from  the  shorter  run  of  50  feet,  is  greater  than  the 
meter  velocity  by  about  3.5  per  cent.  We  may  note  also  that  we  have 
here  forty  mid-depth  velocities  in  nearly  the  same  vertical  taken  in 
about  twenty-five  minutes.  For  the  ten  found  from  the  floats  on  the 
long  run  the  variations  of  velocity  from  the  mean  are  from  —7.4  per 
cent  to  -1-7.8  per  cent,  and  for  the  short  run  of  50  feet  the  variations 
are  from  —9.5  per  cent  to  -hlO.7  per  cent.  For  the  meter  long  run 
the  variations  ai'e  from  —7.5  per  cent  to  4-12.1  per  cent,  and  for  the 
short  run  from  —6.5  per  cent  to  -|-6.3  per  cent. 

Individual  measurements  of  velocity  by  either  of  these  methods 
differ  much  from  the  mean,  but  the  means  by  the  two  methods  differ 
little  from  each  other.  The  excess  of  mid-depth  velocity  by  double 
floats  over  that  by  meter  may  be  due  to  the  upper  float  dragging  the 
lower  one. 

henry's  bxpbriments. 

D.  F.  Henry  also  gives  a  comparison  of  velocity  measured  with 
double  floats  like  that  shown  in  fig.  1  and  current  meter,  made  on 
the  St.  Clair  River  in  1869.*  The  results  of  the  comparison  are  given 
in  the  following  table: 

» Jour.  Franklin  Inst.,  Vol.  LXII,  p.  32S. 
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Comparison  of  i^elocity  by  double  floats  and  current  meter  from  measurements  by 

D,  F.  Henry  on  St,  Clair  River  in  I860, 


Number 
of  obser- 
vations. 

Direction  and 

velocity  of 

wind. 

Depth  of 
observa- 
tion be- 
low sur- 
face. 

Velocity  of  current. 

Floats. 

Meter. 

Difference. 

50 

62 

56 

50 

64 

31 

37 

29 

12 

7 

Miles  per  hour. 

a26up 

1.92  up 

1.27  up 

0.48  up 

0.29  down 

0.53up 

0.80up 

2.18  down  .... 

4.85  down 

0.74up 

Feet. 
1 
5 
10 
15 
20 
25 
30 
35 
40 
45 

Ft.  per  sec. 
3.619 
8.759 
3.703 
8.590 
3.598 
3.637 
3.546 
3.556 
3.636 
3.642 

Ft.  per  sec. 
3.655 
3.783 
8.674 
3.616 
8.405 
a  441 
3.279 
3.166 
a  142 
2.965 

Ft  peraec. 
-0.096 
-0.(64 
+0.029 
+0.074 
+0.193 
+0.196 
+0.267 
+0.380 
+0.494 
+0.567 

It  is  seen  that  the  float  velocity  is  less  than  the  meter  velocity  to  a 
depth  of  about  5  feet.  Below  that  depth  the  float  velocity  is  greater 
than  the  meter  velocity,  the  difference  increasing  with  the  depth.  The 
discharge  as  found  with  the  floats  is  10  per  cent  greater  than  that 
found  with  the  meter.  While  the  action  of  the  upper  float  on  the 
lower  float  may  not  account  for  all  the  difference  between  the  float 
and  meter  velocities,  it  will  account  for  some  of  it.  The  velocity  as 
shown  by  the  vertical  velocity  curve  increases  from  the  surface  to  a 
depth  of  from  5  to  10  feet  and  then  decreases  to  the  bottom.  The  sur- 
face float  will  therefore  move  more  slowly  than  the  lower  float  for 
depths  of  from  0  to  5  or  10  feet,  and  hence  the  lower  float  will  be 
retarded  by  the  upper  float  to  that  depth.  For  depths  greater  than  10 
feet  the  upper  float  will  move  faster  than  the  lower  float  and  will  drag 
it,  and  the  velocity  shown  will  be  too  large. 

Henry  gives  also  a  comparison  of  velocity  as  found  with  double 
floats  and  current  meter  in  a  small  canal  at  Ogdensburg,  N.  Y.*  Tlie 
floats  were  run  over  a  distance  of  200  feet  at  3  feet  below  the  surface, 
the  time  being  recorded  on  a  chronograph.  The  current  meter  was 
held  at  the  same  depth  at  the  middle  of  the  run.  The  results  are  as 
follows: 

Comparison  of  velocity  by  double  floats  and  current  meter  from  measurements 
made  by  D.  F,  Henry  in  small  canal  at  Ogdemburg^  N,  Y.^S  feet  below  surface. 


Number 

of  oXtaer- 

vationH. 

Velocity. 

Floats. 

Meter. 

I>ifferenoe. 

24 

6 

6 

Ft.  per  sec. 
1.992 
1.876 
1.476 

Ft.  per  sec. 
1.980 
1.916 
1.434 

Ft.  per  sec. 
-0.012 
-f0.0(0 
-0.042 

•n^id.,  p.  250. 
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These  results  indicate  that  although  the  mean  of  a  few  float  obser- 
vations may  differ  much  from  the  corresponding  meter  velocity,  the 
means  for  thirty  or  forty  observations  differ  little.  The  meter  gives 
a  little  smaller  velocity  than  the  floats. 

Henry  also  gives  a  comparison  of  velocity  found  with  floats  and  a 
propeller  meter  in  the  St.  Clair  River.  The  lower  float  was  1  foot 
below  the  surface,  and  the  meter  was  held  at  the  same  depth.  The 
mean  velocity  given  by  fifty  floats  was  3.619  feet  per  second;  that  by 
meter  was  3.655  feet  per  second,  or  0.036  foot  per  second  greater  than 
by  floats.  There  was  a  light  wind  blowing  upstream,  and  that  may 
have  retarded  the  floats  somewhat. 

GORDON'S  EXPERIMENTS. 

In  1873  Gordon  made  compaidsons  of  the  discharge  of  the  Irawadi 
River  at  Saiktha,  Burma,  as  measured  with  double  floats  and  with 
current  meter.  From  these  he  concluded  that  the  double-float  dis- 
charge was  about  10  per  cent  too  large,  lie  therefore  reduced  all 
discharges  found  with  double  floats  by  that  amount. 

FLOAT  RODS  AND  CURRENT  METER. 


NEW   YORK  STATE  CANAL  SURVEY  EXPERIMENTS. 

During  the  progress  of  the  New  York  State  canal  survey  of  1900 
comparative  discharge  measurements  were  made  on  four  occasions  for 
the  purpose  of  comparing  the  discharge  of  the  canal  as  found  by  one 
rod-measuring  party  with  that  found  by  another  party  using  similar 
rods  and  methods,  and  of  comparing  the  discharge  found  with  rods 
-with  that  found  simultaneously  with  a  current  meter.  The  results  of 
the  comparisons  are  summarized  in  the  f ollo\^ing  table : 

Comparison  of  remits  of  experiments  of  New  York  State  canal  survey  during  the 

summer  of  19(M), 


Place. 

Date. 

V'r 

V»r 

Vm 

Q'r 

Q"r 

Qm 

Q'r- 
-hQ'r 

Om-5- 
Q'r 

Q"r 

Xi<<^Akport 

1000. 
Sept.  14 
Sept.  20 
Sept.  21 

.-..do... 

Sept.25 

do ... 

Ft.  per 
sec. 

"'6.' 883" 

"i."073' 

Ft.per 
sec. 
1.440 
0.704 
0.884 
0.889 
0.890 
0.813 
0.850 
0.836 
0.600 
0.640 

Ft.per 
sec. 
1.531 
0.738 

'«."929' 
0.938 

"'l."67« 
1.111 

Cu.ft. 
per  sec. 

"297.'82' 

227.'22' 

"i64.'78" 
149.66 

Cu.  ft. 
per  sec. 
805.70 
235.12 
302.04 
301.35 
307.08 
227.51 
238.81 

2:«.54 
172.  n 

168.57 

Cu.ft. 

per  sec. 

799.85 

251.57 

310.83' 
317.54 

'228.'66" 
234.70 
161.50 
155.23 

Peret. 

Per  ct. 

Per  ct. 
+0.73 

Bocbester 

-7.00 

Do 

-1.41 

Do 

-3.14 

Do 

-3.43 

RoonriHe 

-0.13 

Do 

+4.25 

Do 

....do... 

-0.49 

OlensFallH 

Do 

Oct.     8 
....do... 

0.821 
0.760 

-4.88 
-5.92 

+  1.94 
-3.?i 

+6.52 
+2.U 

FVamean  velocity  found  by  party  No.  1,  with  rods. 

F"r= mean  velocity  foand  by  party  No.  2,  with  rods. 

Fmsmean  velocity  found  with  meter,  using  six-tenths-depth  method. 

Q'r=>diBcharge  found  by  party  No.  1,  with  rods. 

Q"r= discharge  found  by  party  No.  2,  with  rods. 

Qm=di8charge  found  with  meter,  using  six-tenths-depth  method. 
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The  Lockport  experiments  were  made  on  the  Erie  Canal  about  1 
mile  above  the  locks  at  Lockport,  in  a  rock  cut  with  rough,  nearly 
vertical  sides.  The  meter  measurements  were  made  700  feet  above 
the  place  where  the  discharge  was  measured  with  rods.  The  ol>serva- 
tions  extended  over  a  period  of  thirty-four  minutes,  during  which 
time  60  rods  were  passed  over  a  run  of  21  feet,  with  an  immersion  of 
80  to  90  per  cent  of  the  depth,  and  13  meter  observations  of  50  seconds 
each  were  made  at  six-tenths  depth  below  the  surface.  There  was  no 
measurable  fluctuation  of  surface  level  during  the  test. 

The  Rochester  experiments  were  m^jide  on  the  Rochester  Aqueduct, 
which  has  smooth  and  nearly  vertical  sides.  The  width  was  43  feet 
and  the  depth  7.5  feet.  The  flow  was  undisturbed  for  a  half  mile 
above  the  section  of  meiisurement,  but  there  was  a  sliarp  curiae  less 
than  100  feet  below  the  point  where  the  lower  rod-measuring  jmrty 
was  stationed.  In  the  first  comparison  of  rods  with  meter,  September 
20,  the  period  of  observation  was  forty- two  minutes;  64  rods  were 
passed  over  a  20-foot  run  with  92  percent  depth  of  immersion;  10 
meter  observations  of  fifty  seconds  each  were  made  by  the  six-tenths- 
depth  method;  the  surface  level  fluctuated  0.05  foot  during  the  ol>ser- 
vations,  and  rain  interfered  somewhat  with  the  work.  In  the  first 
rod  comparison,  September  21,  the  observations  extended  over  a 
period  of  sixty-five  minutes;  79  rods  were  passed  by  party  No.  1,  with 
a  depth  of  immersion  of  from  90  to  97  per  cent,  and  100  rods  by  party 
No.  2,  with  a  depth  of  immersion  of  92  per  cent.  In  the  first  rod- 
and-meter  comparison  of  September  21.  the  x>eriod  of  observation  was 
forty-two  minutes;  92  rods  were  passed  by  party  No.  2,  with  90  per 
cent  depth  of  immeraion,  and  36  meter  observations  of  fifty  seconds 
each  were  taken  by  the  six-tenths-depth  method.  In  the  second  rml- 
and-meter  comparison  the  period  of  observation  was  forty  minutes;  S^3 
rods  were  passed,  with  92  per  cent  depth  of  immersion,  and  36  meter 
observations  of  fifty  seconds  each  were  made  at  six-tenths  deptli. 

The  Boonville  comparisons  were  made  on  the  Black  River  Canal  at 
Boonville,  where  the  top  width  of  the  canal  is  43  feet,  with  gradual 
sloping  sides,  and  a  maximum  depth  at  center  of  7.7  feet.  There  was 
an  unobstructed  flow  for  at  least  one-fourth  mile  above  and  a  half 
mile  below  the  place  selected.  The  parties  were  stationed  about  20** 
feet  apart.  There  was  practically  no  water  entering  or  leaving  the 
canal  between  these  points.  In  the  rod  comparison,  which  lasted  one 
hundred  and  forty-four  minutes,  with  some  interruptions,  185  rods 
were  passed  over  a  20-foot  run  by  party  No.  1,  and  143  rods  by  party 
No.  2.  In  the  first  meter  comparison,  which  lasted  fifty-eight  min- 
utes, 55  rods  were  passed  and  36  meter  observations  were  made  at  six- 
tenths  depth.  In  the  second  meter  comparison,  which  lasted  fifty- 
three  minutes,  77  rods  were  passed  and  42  meter  observations  of  fifty 
seconds  each  were  made  by  the  six- tenths-depth  method. 

The  Glens  Falls  comparisons  were  made  on  the  Glens  Falls  fee<ler, 
near  Glens  Falls.     At  the  place  selected  for  the  tests  the  feeder  is  3- 
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feet  wide  and  0  feet  deep,  with  nearly  vertical  sides.  There  is  a  bend 
in  the  feeder  about  100  feet  above  the  upper  place  of  measurement, 
and  another  about  1,000  feet  below  the  lower  place  of  measurement. 
The  meter  measurements  were  made  from  a  bridge  about  100  feet 
from  each  of  the  points  where  the  rod  measurements  were  made.  The 
first  comparison  lasted  seventy-six  minutes,  during  which  time  party 
No.  1  passed  56  rods,  party  No.  2  passed  90  rods,  and  28  meter  observa- 
tions of  fifty  seconds  each  were  made.  In  the  second  comparison, 
which  lasted  fifty-eight  minutes,  party  No.  1  passed  63  rods,  party 
No.  2  ran  108  rods,  and  28  meter  observations  of  fifty  seconds  each 
were  made. 

The  method  of  making  these  comparisons  is  the  same  as  that  used 
in  the  canal  discharge  measurements,  which  is  described  on  page  16. 

The  Rochester  and  Glens  Falls  comparisons  are  not  so  satisfactory 
as  those  at  Lockport  and  Boonville.  In  the  former  the  measurement's 
were  made  too  near  a  curve.  The  large  variation  in  the  time  of  run 
of  the  individual  rods  indicates  this  fact,  and  surface-level  fluctua- 
tions and  passing  boats  interfered  somewhat  with  the  work.  There  is 
a  possibility  of  leakage  from  the  feeder  between  the  points  of  measure- 
ment at  Glens  Falls.  No  leakage  was  visible  on  the  surface,  but  there 
is  a  large  amount  of  leakage  not  far  distant  from  the  place  of  meas- 
urement. The  measurements  there  indicate  a  gradual  loss  from  the 
upper  to  the  lower  point  of  measurement. 

The  results  of  the  rod  comparisons  agree  more  closely  than  those  of 
meter  with  rods.  It  must  not  be  concluded  from  the  Rochester  com- 
parisons that  because  the  rod  discharges  agree  closely  and  the  meter 
discharge  differs  from  the  rod  discharge  7  per  cent  that  this  error  is 
all  due  to  the  meter.  The  two  sets  of  velocity  measurements  obtained 
with  the  meter  during  this  comparison  agree  closely,  whereas  the  time 
of  run  of  the  individual  rods  differs  considerably.  At  least  half  of 
this  difference  is  due  to  errors  in  the  rod  discharge  measurements. 

murphy's  experiments  at  CORNELL  UNIVERSITY. 

In  connection  with  the  writer's  experiments  at  Cornell  University 
to  determine  the  relative  accuracy  of  measurements  by  the  weir  and 
by  the  cun'cnt  meter,  the  results  of  which  are  discussed  on  pages  58 
to  95,  surface  velocity  experiments  were  made  with  float  rods  and 
with  the  current  meter,  the  results  of  which  are  given  on  pages  89 
to  92. 

FLOAT   RODS   AND    WEIR. 
FRANCIS'S   EXPERIMENTS. 

In  1856  J.  B.  Francis  compared  the  discharge  of  a  canal  at  Lowell, 
Mh«s.,  as  found  with  float  rods  with  that  shown  by  a  standard  weir.* 
This  wooden  canal  or  flume  was  27.75  feet  wide  where  the  first  63 
experiments  were  made  and  14  feet  wide  where  the  remaining  52 


•  Lowell  Hydraulic  ExporimentH,  by  J.  B.  FranciB,  p.  170. 
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experiments  were  made.  The  length  of  run  was  70  feet,  with  a 
starting  run  of  28  feet.  The  time  of  run  was  obtained  to  a  tenth 
of  a  second  and  the  depth  to  0.0001  foot.  Every  precaution  was 
taken  to  obtain  accurate  results.  The  floats  were  tin  tubes  2  inches 
in  diameter,  loaded  at  the  lower  end  so  as  to  float  upright.  They 
were  put  in  the  water  at  each  foot  of  width  of  the  canal,  and  the 
time  of  run  was  recorded  on  a  chronograph.  The  observed  veloc- 
ities were  plotted  on  cross-section  paper  and  a  mean  curve  was  drawn 
among  the  points  showing  change  in  velocity  from  one  side  of  the 
canal  to  the  other.  The  mean  velocity  in  the  cross  section  was  found 
from  this  curve  by  dividing  the  velocity  area  by  the  width.  The 
variation  of  the  observed  velocities  of  individual  rods  from  the  veloc- 
ity curve  was  from  8.57  per  cent  above  to  11.4  per  cent  below  this 
curve  in  experiment  No.  1.  The  rods  used  were  not  all  of  the  proper 
depth  of  immersion,  and  Francis  derived  the  following  formula  for 

computing  the  correct  discharge:  Q"'=©"[1 — 0.116{y/D — 0-l)]»  in 
which  Q"  is  the  measured  discharge  and  D  the  depth  of  water  in  the 
flume  less  the  depth  of  the  immersed.part  of  the  rod  and  divided  by  the 
depth  of  water  in  the  flume.  After  applying  this  fonnula  he  found 
that  the  variation  of  the  rod  discharge  from  the  weir  discharge  for 
the  115  experiments  is  as  follows:  For  9  it  is  less  than  0.1  per  cent, 
for  79  it  is  less  than  1  per  cent,  for  23  it  is  from  1  per  cent  to  1.9  per 
cent,  for  2  it  is  from  2  per  cent  to  2.9  per  cent,  and  for  1  it  is  3.69  per 
cent.  The  mean  velocity  in  these  experiments  varied  from  0.5  foot 
to  5  feet  per  second. 

CORNELL  UNIVERSITY   EXPERIMENTS. 

At  the  close  of  the  field  work  of  the  New  York  State  canal  survey 
of  1900  a  series  of  experiments  was  made  at  the  hydraulic  laboratory 
of  Cornell  University  for  the  purpose  of  comparing  discharge  as  found 
with  rods  and  current  meter  on  the  canals  with  that  shown  by  the 
Cornell  standard  weir.  These  experiments  were  planned  by  the 
consulting  engineer  of  the  New  York  State  canal  survey,  Mr.  E. 
Kuichling,  and  were  carried  out,  under  the  direction  of  Prof.  6.  S. 
Williams,  in  charge  of  the  hydraulic  laboratory,  by  the  writer  and 
by  Mr.  W.  P.  Boright,  C.  E.,  assisted  by  members  of  the  class  in 
hydraulics. 

The  surface  level  of  the  sections  of  the  canals  fluctuates  rapidly  on 
account  of  lockage  of  boats  and  irregular  feed  of  water  to  lower  sec- 
tions. It  was  therefore  necessary  to  make  discharge  measurements 
rapidly  and  to  make  short  runs  and  starting  runs.  The  depth  of 
water  in  the  different  sections  varied  from  5  to  10  feet  at  the  center, 
so  that  the  immersed  portion  of  the  rods  used  varied  from  75  per  cent 
to  95  per  cent  of  the  depth  of  the  water.  The  mean  velocity  varied 
from  nearly  2  feet  per  second  west  of  Lockpoil  to  0  on  the  summit 
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levels.  In  the  laboratory  experiments  the  conditions  were  duplicated 
as  closely  as  possible  and  the  work  was  performed  in  the  same  way 
as  on  the  canals,  so  that  the  results  of  the  comparisons  give  a  fair 
idea  of  the  accuracy  of  the  discharge  measurements  of  the  State 
canals  and  feeders. 

PI.  II  shows  the  laboratory  canal  and  the  observers  employed  in 
making  the  tests.  A  description  of  the  laboratory  and  of  the  method 
of  obtaining  standard  weir  discharge  will  be  found  on  pages  59  to  64. 
The  gates  at  the  head  of  the  canal  were  opened  until  the  head  on  the 
weir  was  such  as  to  give  the  desired  discharge;  then  the  slits  in  the 
bulkhead  and  the  height  of  the  gates  at  the  lower  end  of  the  canal 
were  adjusted  so  as  to  give  the  desired  depth  of  water  in  the  channel. 
As  soon  as  the  flow  became  steady  three  parties  began  measuring  the 
discharge  of  the  canal,  one  with  rods  and  two  with  current  meters. 
Two  series  of  rods  were  used,  one  of  75  per  cent  depth  of  immersion, 
the  other  of  90  per  cent  depth  of  immersion,  the  former  lettered,  the 
latter  numbered,  so  that  they  could  easily  be  recognized  as  they 
passed  under  each  wire.  The  lengths  of  the  run  and  of  the  starting 
run  were  the  same  as  in  the  canal  work,  being  from  25  to  7  feet  for 
the  former  and  from  10  to  8  feet  for  the  latter,  depending  on  the 
velocity.  The  number  of  rods  used  in  an  experiment  varied  from 
fifty  to  one  hundred  and  fifty.  Meter  party  No.  1  measured  the  dis- 
charge by  the  six-tenths-depth  and  the  integration  methods,  and  then 
assisted  the  rod- measuring  party,  four  stop  watches  being  used  and 
the  number  of  rods  run  in  a  given  time  nearly  doubled.  During  each 
experiment  the  head  on  the  weir,  the  depth  of  water  in  the  canal,  and 
the  slope  of  the  surface  were  read  every  thirty  seconds  and  were 
checked  occasionally  by  readings  of  the  hook  gage.  The  time  of  run 
of  each  rod  was  plotted  on  squared  paper,  using  distance  from  side 
of  canal  as  abscissae  and  time  of  run,  in  seconds,  as  ordinates,  and 
a  mean  time  curve  was  drawn  among  them.  The  length  of  run 
divided  by  the  mean  ordinate  of  this  curve  gave  the  mean  velocity, 
-which  multiplied  by  the  cross-sectional  area  gave  the  discharge.  The 
results  of  this  rod-and-weir  discharge  comparison  are  given  in  the 
following  table : 
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Comparison  of  float  rod  and  weir  velocity  and  discharge  measurements  at  Cornell 

hydratdie  laboratory. 


Date. 


1900. 
October  24 . 

Do 

Do  ..  .. 

Do  .  ... 
October  2» . . 

Do 

October  27 . 

Do 

Do 

Do 

Do 

Do 

October  31. 

Do 

October  29 . 
November  1 


Cu.  ft. 

214.688 

140.514 

71.670 

38.308 

178.5fi3 

125.208 

61.272 

30.080 

196.387 

132.408 

91.066 

50.300 

196.258 

125.299 

65.287 

31.140 


Rod  gaffinm  in  laboratory  canal. 


Feet. 
1.428 
0.945 
0.484 
0.209 
1.473 
1.033 
0.510 
0.254 
1.983 
1.308 
0.910 
0.5a'> 
1.475 
0.930 
0.486 
0.235 


%4 

i 


Feet. 
9.9M 
9.253 
9.222 

8.789 


I    Immeniion,        Immersion, 
75  per  cent.    {    90  per  cent. 


7. 
7. 
7. 

7. 


543 

549 
471 
376 
6.163 
6.299 
6.228 
5.847 
8.365 
8.39!) 
8.365 
8.255 


Ve- 
loci- 
ty 
per 

ond. 


Feet. 
1.422 
0.902 
0.4011 
0.276 
1.51U 
1.080 
0.530 
0.206 
2.067 
1.383 
0.953 
0.555 
1.537 
0.958 
0.512 
0.249 


Ve- 
Di9-        lod- 
chanre      ty 
per    ,  per 
second,  i  sec- 
ond. 


Cu,ft. 

2ia674 

142.966 

72.621 

38.900 

188.185 

131.000 

68.658 

31.543 

204.095 

137.966 

95.372 

52. 176 

206.554 

129.174 

68.766 

83.043 


Feet. 


0.949 
0.476 
0.2r2 
1.525 
1.058 
0.520 
0.255 
2.044 
1.841 
0.944 
0.548 
1.607 


0.501 
0.242 


Dis- 
charge 

per 
second. 


Cu.ft 


141.084 

70.546 

88.425 

184.832 

128.332 

02.457 

30.239 

202.407 

136.730 

94. 4n 

61.612 

202.523 


07.288 
82.114 


Error  of  dia-       of  dis- 
charge re-       charirere- 
f  errod  to        f  erred  to 
standard  weir,    standard 

weir. 


75  per 
cent 
im- 
mer- 
sion. 


Ber.ct. 
+0.48 
-1.74 
-1.33 
-l.TB 
-2.69 
-4.65 
-8.89 
-4.83 
-4.28 
-4.19 
-4.74 
-3.71 
-4.18 
-3.09 
-6.88 
-6.11 


90  per  |76per90per 
cent    '  cent   cent 


im- 
mer- 
sion. 


im- 
mer- 
sion. 


im- 
mer- 
sion. 


Per.ct.lP.et.  P.ct. 


-0.37 
-1-1-57 
-0.31 
-8.52 
-2.42 
-1.88 
-0.80 
-3.05 
-2.51 
-8.64 
-2.58 
-2.16 


a  07 
8.13 


1.32      0.«3 


^96      2.09 


4.22  '    2.96 


t4.<»       2.7» 


3.54 


2.14 


It  is  seen  that  the  discharge  obtained  with  the  rods  is  larger  for  all 
depths,  velocities,  and  percentage  depths  of  immersion  than  the  cor- 
responding weir  discharge,  except  in  two  cases.  The  greatest  varia- 
tion from  the  weir  discharge  is  6.11  per  cent  for  the  75  per  cent  depth 
of  immersion  and  3.64  per  cent  for  the  90  per  cent  depth  of  immer- 
sion. This  variation  from  the  weir  discharge,  or  error,  increases  as  the 
depth,  velocity,  and  depth  of  immersion  decrease.  The  mean  error 
for  all  depths  and  velocities  is  3.54  per  cent  for  the  75  per  cent  depth 
of  immersion  and  2.14  per  cent  for  the  90  per  cent  depth  of  immersion. 
The  greatest  variations  from  these  means  are  +1.14  per  cent  and 
—2.22  per  cent  for  the  75  per  cent  depth  of  immersion  and  +0.81  per 
cent  and  —1.39  per  cent  for  the  90  per  cent  depth  of  immersion,  a 
range  of  3.4  percent  in  the  former  and  2.2  per  cent  in  the  latter. 
From  the  last  two  columns  is  seen  the  extent  to  which  the  error 
increases  as  the  depth  decreases. 

It  is  to  be  expected  that  the  rod  discharge  will  be  greater  than  that 
of  the  weir,  especially  for  the  75  per  cent  depth  of  immersion,  for  as 
the  rods  do  not  extend  to  the  bottom  they  are  not  affected  by  the  bot- 
tom layers  of  slowly  moving  water,  and  hence  move  faster  than  the 
mean  velocity.  By  applying  Francis's  correction  formula  (p.  54)  to 
these  results  others  will  be  obtained  agreeing  more  closely  with  those 
shown  by  the  weir.  It  will  be  shown  further  on  (p.  93)  that  the  weir 
discharges  used  in  these  experiments  and  computed  from  Bazin's 
formula  are  probably  too  small  by  from  0.5  per  cent  to  2.5  per  cent,  the 
former  for  a  head  on  weir  of  1  foot,  the  latter  for  a  head  of  2.5  feet. 
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When  these  two  sets  of  corrections  are  applied  it  will  be  found  that  the 
i-od  discharge  is  correct  to  within  about  2  per  cent.  This  degree  of 
accuracy  is  only  attained,  however,  by  many  observations,  equivalent 
to  she  or  twelve  gagings,  with  the  rods  started  2  feet  apart  from  side  to 
side  of  canal. 

CURRENT  METER  AND  WEIR. 
FTELET  AND  STEARNS'S  EXPERIMENTS. 

Fteley  and  Steams  have  made  some  comparisons  of  the  discharge  of 
the  Sudbury  conduit  as  obtained  by  weir  measurement  and  by  current 
meter.*  The  weir  was  of  the  sharp-crested  type,  19  feet  long,  and  was 
located  at  the  head  of  the  conduit.  The  flow  to  it  was  controlled  by 
rectangular  gates,  which  were  changed  slightly  from  time  to  time  so 
as  to  keep  the  head  on  the  weir  constant.  The  current-meter  measure- 
ments were  made  from  a  manhole  in  the  conduit  6,000  feet  below  the 
weir.  The  meter  used  was  a  Fteley  like  that  shown  in  fig.  5.  Two 
methods  of  operating  the  meter  were  employed,  viz,  the  point  and 
thfi  integration.  When  the  point  method  was  used  the  meter  was 
held  for  thirty  seconds  at  several  points  in  the  cross-sectional  area, 
depending  on  the  depth.  For  the  greatest  depth  of  4.5  feet  the  num- 
ber of  points  of  observation  was  167.  The  rate  of  moving  the  meter 
while  integrating  was  from  0.1  foot  to  1  foot  per  second.  The  results 
for  the  8- vane  meter  are  as  follows: 

Compariwm  of  discharge  measured  with  8-vane  Fteley  meter  and  over  weir. 


Number 

No.  of 
experi- 
ment. 

of  com- 
parisons 
included 
in  experi- 

ment. 

1 

1 

2 

2 

3 

1 

4 

1 

6 

1 

6 

1 

7 

3 

8 

3 

9 

8 

10 

3 

11 

6 

12 

4 

13 

4 

14 

4 

15 

16 

16 

16 

17 

20 

18 

3 

19 

4 

ao 

7 

Rate  of  in- 
t^n^tion. 


U 

0 

0 

0 

0 

0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.1 

0.5 

0.5 

1.0 

0.1 

0.5 

1.0 


Depth  of 

center  of 

meter 

from 

surface. 


Feet. 
1.5 
2.0 
8.0 
4.0 
4.5 
8.0 
1.5 
2.0 
2.5 
3.0 
8.5 
4.0 
4.5 
2.5 
2.5 
3.5 
3.5 
3.0 
8.0 
3.0 


Ratio  of 

Variation 

speed  of 

Mean  ve- 

of meter 

meter  to 

locity  of 

discharflre 

speed  of 

water. 

from  weir 

water. 

discharge. 

Ft.  per  sec. 

Per  cent. 

0 

1.83 

+1.2 

0 

2.13 

0.0 

0 

2.50 

+0.1 

0 

2.83 

+0.1 

0 

2.03 

-0.4 

0 

1.71 

-0.2 

0.055 

1.83 

+0.8 

0.047 

2.18 

+0.1 

0.042 

2.37 

-o.« 

0.089 

2.56 

-0.2 

0.087 

2.71 

-0.1 

0.085 

2.83 

-0.5 

0.084 

2.98 

-0.8 

0.042 

2.37 

+0.2 

0.211 

2.87 

-3.6 

0.185 

2.n 

-1.8 

0.800 

2.71 

-«.5 

0.058 

1.71 

-1.0 

0.292 

1.71 

-A.  6 

0.585 

1.71 

-9.4 

The  results  of  experiments  Nos.  2  to  6  show  a  remarkablj'  close 
agreement  between  measurements  by  this  meter  and  those  over  the 
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weir.  The  leng:th  of  an  observation,  thirty  seconds,  is  too  short  to 
give  a  good  average  indication  of  the  velocity.  The  discharge  varied 
somewhat  daring  the  experiment.  The  depth  of  water  in  the  conduit 
being  small,  any  error  in  the  depth  must  have  introduced  consider- 
able error  in  the  result.  We  would  not  expect,  therefoi-e,  so  close  an 
agreement,  which  appears  all  the  more  remarkable  when  it  is  seen 
from  the  following  table  that  the  discharge  shown  by  two  weirs  may 
differ  by  3  per  cent: 

Values  of  m  in  formula  Q  —  mlh  x^Sgh,  as  found  by  Bazin  and  by  Fteley  and 

Steams." 


Head  on 
weir  (k). 

Values  of  m. 

»»!— mj 

Fteley  and 
Stearns 

(nif). 

Bazin 

(m,). 

Meiers. 

Meters. 

Meters. 

Meters. 

Per  cent. 

0.1428 

0.4149 

0.4290 

0.0141 

3.29 

0.1909 

0.41(16 

0.4263 

O.(J0O7 

2.28 

0.2497 

0.4191 

0.4259 

0.0068 

1.60 

0.3008 

0.4218 

0.4266 

0.0048 

1.13 

o.a'sao 

0.4247 

0.427H 

O.O089 

0.68 

0.3967 

0.4272 

0.4285 

o.or)]3 

0.33 

0.4434 

0.4296 

0.4295 

0.0001 

0.02 

0.4888 

0.4323 

0.4310 

-0.0013 

-0.33 

It  is  seen  that  for  heads  on  the  weir  of  from  0.5  foot  to  1  foot  the 
variation  in  m  is  from  3  to  1  per  cent. 

MURPHY'S  EXPERIMENTS. 

The  results  of  numerous  weir,  current-meter,  and  other  exi>eri- 
ments  by  the  writer  at  the  Cornell  hydraulic  laboratory  are  diseusseil 
in  detail  on  the  following  pages;  also  the  application  of  the  results  to 
ordinary  river  gaging  and  the  general  conclusions  reached  from  these 
recent  studies  and  investigations. 

EXPERIMENTS  AT  CORNEI^Ii  UTOVERSITY  HYDRAirXilC 

l^ABORATORY. 


INTRODUCTORY. 

« 

This  investigation  was  begun  by  the  writer  in  May,  1900,  -while  a 
fellow  in  civil  engineering  at  Cornell  University.  It  was  interrupted 
from  July  1  to  December  4  of  that  year,  on  account  of  the  New^  York 
State  canal  survey,  in  which  the  writer  participated,  and  again  from 
December  9  to  April  1,  on  account  of  freezing  weather,  and  v  ^^s  com- 
pleted in  May,  1901.  Its  object  was  to  compare  the  dischargee  of  the 
Cornell  University  experiment  canal  as  obtained  with  a  sharp-crest<Hl 
weir  with  that  obtained  with  current  meters  operated  by  different 


» Annales  des  ponts  et  chauasdes,  m6moires  et  documents*  1888,  p.  ilft. 


MDRPHY.l  CORNELL   HTDBAULIO   LABORATORY.  59 

methods,  and  thus  determine  the  accuracy  of  velocity  and  discharge 
obtained  by  current-meter  methods.  The  scarcity  of  meters  available 
for  the  work,  the  lack  of  ready  facilities  for  frequent  testing  and  rat- 
ing of  the  meters  used,  and  the  scarcity  of  water  during  the  first 
months  of  the  investigation  render  the  results  somewhat  less  valuable 
than  they  otherwise  would  be. 

The  writer  takes  this  occasion  to  acknowledge  his  indebtedness 
to  Mr.  F.  H.  Newell,  chief  hydrographer  of  the  United  States  Geolog- 
ical Survey,  for  his  hearty  cooperation;  to  Prof.  E.  A.  Fuertes,  director 
and  dean  of  the  College  of  Civil  Engineering,  Cornell  University,  for 
the  use  of  the  hydraulic  laboratory  and  a  chronograph,  computing 
machine,  current  meter,  and  electric  register,  and  for  kindly  interest 
in  the  work ;  to  Prof.  Gardener  S.  Williams,  in  charge  of  the  hydraulic 
laboratory,  for  many  valuable  suggestions  and  for  the  use  of  a  chart 
for  converting  head  on  the  Cornell  University  standard  weir  into 
cubic  meters;  also  to  Mr.  C.  E.  Torrance,  scholar  in  civil  engineering, 
to  members  of  the  senior  class  in  civil  engineering,  and  to  Mr.  C.  D. 
Cass,  assistant  mechanician  of  the  college,  for  their  cheerful  assistance. 

DESCRIPTION  OF  CORNELL  HYDRAULIC  LABORATORY. 

The  Cornell  hydraulic  laboratory  consists  essentially,  as  shown  in 
Pis.  II,  III,  and  IV  and  fig.  15,  of  a  canal  16  feet  wide,  10  feet  deep, 
and  415  feet  long,  with  concrete  bottom  and  sides  and  with  a  bed 
slope  of  1  foot  in  500.  There  are  six  rectangular  gates  at  the  upper 
end  for  controlling  water  entering  the  canal  and  four  gates  near  the 
lower  end,  two  on  each  side,  for  controlling  the  depth  of  water  in  the 
canal.  Fifty-nine  feet  below  the  entrance  gates  is  a  bulkhead  about 
10.5  feet  high  built  of  12- inch  by  12-inch  timbers.  On  the  top  of  this, 
or  11.1  feet  above  the  bottom  of  the  canal,  is  fastened  a  steel  angle' 
iron  3.5  inches  by  5  inches  by  16  feet  long,  with  edges  five-sixteenths 
inch  thick,  which  forms  the  standard  sharp-crested  weir.  The  lower 
end  of  the  canal  is  closed  with  12-inch  by  12-inch  timbera,  which  can 
be  moved  up  or  down  if  desired  and  the  water  be  allowed  to  pass  out 
of  the  canal  at  the  end  instead  of  under  the  side  gates.  In  the  upper 
chamber  are  two  sets  of  baffles  for  checking  the  velocity  of  the  water 
after  it  passes  under  the  entrance  gates.  One  of  these  is  7.4  feet 
from  the  gates  and  is  made  of  4-inch  by  12-inch  timbers  placed  hori- 
zontally, with  the  wide  face  toward  the  current  and  spaced  from  8  to 
12  inches  apaii).  On  the  upper  side  of  these  timbers  are  1-inch  by 
G-inch  strips,  fastened  diagonally  and  spaced  12  inches  from  center  to 
center.  The  second  baffle  is  about  6.5  feet  below  the  first  one  and  is 
similar  in  construction,  except  that  the  1-inch  by  6-inch  strips  art 
placed  vertically  and  are  spaced  10  inches  from  center  to  center 
Twenty-eight  feet  below  the  weir  is  a  baffle  made  of  1-inch  by  6-incL 
strips  placed  3  inches  from  center  to  center,  with  the  narrow  side 
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toward  the  curi'eiit.  To  still  further  quiet  the  waters  after  passing 
the  weir,  when  the  depth  is  small  and  the  velocity  large,  a  second 
baffle  was  constructed  of  1-inch  by  6-inch  pieces  placed  vertically, 
spaced  2  inches  from  center  to  center  and  fastened  on  the  up|>er  side 
of  the  baffle  just  described. 

Air  is  admitted  under  the  falling  sheet  of  water  through  12-inch  by 
10-inch  passages  in  the  concrete,  one  on  each  side  of  the  weir.  The 
hea<l  on  the  weir  and  the  depth  of  water  in  the  canal  are  measured  by 
piezometers  and  a  hook  gage.  As  i-ough  checks  on  these  rea<lings 
gage  boards  and  a  dial  gage  were  occasionally  read.  The  piezometer 
for  giving  the  head  on  the  standard  weir  is  formed  of  three  1-incli  pipes 
(P,  P,  P,  fig.  15)  perforated  for  3  feet  of  their  length  with  :i-inch 
holes  0  inches  apart  around  the  pipes.  These  are  placMid  27  feet 
upstream  from  the  weir,  with  their  axes  parallel  with  the  axis  of  the 
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FfO.  15.— Plan  and  elevation  of  Cornell  University  experiment  canal. 


canal,  4  feet  from  the  bottom,  and  each  connected  to  a  pii>e  which 
extends  down  the  south  side  of  the  canal  to  a  jwint  opposite*  the  gage 
house.  From  this  point  it  is  carried  across  the  canal  along  the  Ix)!.- 
tom  and  up  into  the  gage  house  and  is  connected  to  a  glass  tube  by  a 
rubber  hose.  The  tube  is  fastened  to  a  scale  marked  to  2  mm.  s|>aces. 
The  canal  piezometers  are  similar  to  thost^  of  the  weir,  but  have  only 
one  entrance  pipe,  which  is  in  the  center  of  the  t^inal.  The  surface 
elevation  of  the  water  was  read  with  the  hook  gage  at  the  throe  i)oint.< 
in  fig.  15  marked  '*Stiandard  weir  bolt,"  *'Croton  bolt,"  and  "Canal 
bolt,"  the  elevation  of  each  of  which  is  known.  The  dial  gage  and 
the  board  gage  (?'  show  api)roxiinately  the  head  on  the  standard  weir 
in  feet  and  hundredths  and  enable  the  man  o|>erating  the  gat^s  to 
keep  a  nearly  constant  head.  A  board  gage  ( Q")  opiK>sit.e  the  *'  Croton 
bolt"  (CJB)  shows  approximately  the  depth  of  water  in  the  canaL 
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SCOPE  OF  EXPERIMENTS. 

The  exx)eriinent8  naturally  divide  themselves  into  five  *?roups,  which 
we  have  called  series  A,  B,  C,  D,  and  E.  The  experiments  of  series 
A  were  made  at  a  section  158  feet  l^elow  the  standard  weir  and  75 
feet  upstream  from  a  model  of  the  Croton  dam  the  height  of  which 
was  <)  feet  and  the  upstream  face  of  which  liad  a  gradual  slope  and 
extended  to  within  20  feet  of  the  meter  station.  This  model  dam 
formed  a  pool  above  it  at  tlie  meter  station  and  gave  a  zero  velocity 
for  G  feet  depth  of  water.  The  range  of  depths  and  velocities  was 
therefore  small.  The  water  surface  during  the  experiments  was 
smooth,  without  l)oiling  or  swirls,  with  most  of  the  foam  made  by  the 
water  falling  over  the  weir  moving  down  in  two  parallel  lines  3  or  4 
feet  from  each  side.  Three  current  meters  were  used  in  this  series  of 
experiments,  viz,  large  Price  meter  No.  88,  small  Price  meter  No.  351, 
and  the  C'Ornell  University  Fteley  meter.  The  latter  was  always  held 
with  a  rod,  the  small  I^rice  meter  was  held  with  a  cable,  and  the  large 
Price  meter  with  a  cable  in  some  of  the  experiments  and  with  a  rod 
in  other  experiments.  About  3:^  inches  of  mud  had  accumulated  on 
the  bottom  of  the  canal  above  the  model  dam.  After  the  first  two 
experiments  the  mud  was  removed  for  a  space  of  4  or  5  feet  above 
and  below  the  meter  station.  For  all  other  experiments  the  bottom 
was  clean  and  smooth. 

The  experiments  of  series  B  wei*e  nuule  234  feet  below  the  standard 
weir  and  after  the  model  dam  had  been  removed.  They  are  with 
high  velocities  and  shallow  depths,  the  scarcity  of  water  at  the  time 
restricting  the  depth  somewhat.  In  all  these  experiments  except 
Nos.  (»  and  8  the  tail  gates  were  oi)en,  so  that  there  was  no  back- 
water. The  surface  of  the  water  was  quite  rough,  being  a  succession 
of  waves,  without  swirls  or  Iwiling.  (See  PI.  IV.)  The  same  three 
metere  were  used  as  in  series  A.  The  Fteley  and  the  large  Price 
were  held  with  rods,  the  small  Price  was  held  with  a  rod  in  some  of 
the  exi)eriments  and  with  a  cable  in  other  experiments. 

The  ex|)eriments  of  series  C  were  mjule  280  feet  below  the  standaM 
weir,  as  part  of  the  tests  of  accuracy  of  the  discharge  measurements 
of  the  New  York  Stat-e  canals  and  feeders  made  during  the  summer 
of  1900.  They  cover  a  range  of  depths  from  6  to  9.5  feet  and  veloci- 
ties from  0.23  foot  to  2  feet  per  second.  In  most  of  the  experiments 
of  this  series  nearly  all  of  the  water  was  passed  out  of  the  canal 
through  horiz(mtal  slits  in  the  bulkhead.  The  water  surface  was 
comparatively  smooth,  being  a  succession  of  long  waves,  without  boil- 
ing or  swirls.  Two  meters  were  used — small  Price  No.  3(53,  operated 
by  the  six-tenths-depth  and  integration  methods,  and  small  Price  No. 
351,  operated  by  the  ordinary  method.  The  former  was  held  with  a 
cable,  the  latter  with  a  rod. 

ITie  experiments  of  series  I)  were  made  220  feet  below  the  standard 
weir,  with  Haskell  meter  No.  3  and  small  Price  meter  No.  363,  each 
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held  with  a  cable.  The  range  of  depth  was  from  5  to  9.5  feet,  and  the 
velocities  from  0.25  foot  to  2  feet.  The  water  surface  was  like  that  in 
series  C — long  waves,  without  boiling  or  swirls.  Three  methods  of 
obtaining  velocity  were  used — the  ordinary,  the  six-tenths,  and  the 
integration.  This  series  is  not  complete,  the  work  being  stopped  by 
the  freezing  of  the  canal.  The  piezometers  could  not  be  used  on 
account  of  the  freezing  of  the  pipes.  The  hook  gage  only  was  used 
to  measure  the  head  on  the  weir  and  the  depth  of  water  in  the  canal. 
The  experiments  of  series  E  were  made  with  two  small  Price  meters 
and  a  Haskell  meter,  held  with  cables  at  station  220  feet  below  the 
standard  weir.  The  depth  in  this  series  varied  from  4.6  feet  to  9.3 
feet,  and  the  mean  velocity  from  1.5  feet  to  3  feet  per  second.  It  was 
designed  to  extend  the  results  of  the  previous  year  to  the  higher 
velocities.  The  discharge  measurements  were  made  in  pairs,  a8  in 
series  D,  so  as  to  compare  the  results  of  two  meters  with  each  other 
as  well  as  the  results  of  each  meter  with  the  corresponding  weir  dis- 
charge. The  head  on  the  weir  and  the  elevation  of  water  surface 
were  obtained  from  readings  of  the  portable  hook  garge.  The  water 
surface  was  quite  rough  for  these  higher  velocities,  being  a  succession 
of  waves,  without  swirls.  To  quiet  it  and  enable  the  surface  elevation 
to  be  more  accurately  measured,  in  experiments  9  to  22  two  planks, 
2  inches  by  12  inches  by  15  feet  long,  were  placed  across  the  canal 
about  3  feet  apart  and  154  feet  from  the  weir,  fastened  at  the  ends  so 
as  to  float  on  the  surface  and  break  the  force  of  the  waves.  In  experi- 
ments 23  to  50  three  of  these  planks  were  used.  The  planks  served 
their  purpose  very  well,  but  distorted  somewhat  the  vertical  velocity 
curves. 

METHOD    OF    EXPERIMENTATION. 

The  first  operation  in  each  experiment  was  to  adjust  the  entrance 
gates  to  admit  such  a  quantity  of  water  that  with  the  desired  depth 
of  water  at  the  meter  station  the  velocity  would  be  about  the  desired 
rate.  The  tail  gates  were  then  opened  or  closed  somewhat,  as  the 
case  required,  until  the  water  reached  the  desired  depth  and  remained 
st.eady.  The  standard  weir  gage  was  then  read  every  thirty  seconds 
and  the  canal  gages  (one  or  both)  were  read  every  five  minutes  during 
the  time  the  meter  observations  were  being  taken.  When  the  hook  gage 
was  used  it  was  read  six  times  in  succession,  as  quickly  as  possible, 
at  each  of  the  three  points  in  fig.  15  marked  "  Standard  bolt,''  **Cro- 
ton  bolt,"  and  "Canal  bolt,"  already  described.  When  the  ordinary 
method  of  operating  the  meter  was  used  the  meter  was  held  at  from 
two  to  six  points,  depending  on  the  depth,  in  each  of  from  five  to  eight 
verticals,  and  the  number  of  the  revolutions  of  the  meter  wheel  in  from 
one  to  two  periods  of  from  thirty  to  sixty  seconds  each  was  obtained. 
Usually  it  was  two  periods  of  fifty  seconds  each.  In  series  C,  ordinary 
method,  one  period  of  sixty  seconds  was  used  and  the  revolutions 
were  read  on  a  recorder.     In  all  the  other  experiments  except  those 
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with  the  Fteley  meter  the  revolutions  were  obtained  from  indications 
of  an  electric  buzzer.  When  the  met^r  was  operated  by  the  six- 
tenths-depth  method  it  was  held  at  about  six-tenths  depth  below  the 
surface  in  eight  verticaxs,  viz,  1,  3,  5,  7,  9,  11,  13,  and  15  feet  from 
the  south  side  of  the  canal,  and  the  revolutions  were  obtained  for  two 
periods  of  fifty  seconds  each.  The  meter  was  then  held  at  the  same 
depth  in  the  same  verticals  in  the  inverse  order,  i.  e.,  15,  13,  etc.,  1 
foot  from  the  south  side  of  the  canal,  and  the  revolutions  were  again 
counted  for  two  periods  of  fifty  seconds  each.  When  the  integration 
method  was  used  in  series  C  the  meter  was  moved  in  the  following 
way:  It  was  started  at  1  foot  from  the  bottom  (center  of  meter  0.5 
foot  above  bottom)  and  1  foot  from  the  side  of  the  canal,  and  was 
I)assed  slowly  to  the  surface  at  4.5  feet  from  the  side,  then  to  the 
bottom  at  8  feet  from  the  side,  then  to  the  surface  at  11.5  feet  from 
the  side,  and  then  to  the  bottom  at  15  feet  from  the  side.  The  time 
at  the  beginning  and  end  was  noted  and  the  total  number  of  revolu- 
tions were  counted.  The  meter  was  then  carried  back  over  the  same 
path  at  about  the  same  speed,  and  the  time  of  passage  and  the  num- 
ber of  revolutions  were  obtained  as  before.  The  mean  time  and  the 
mean  number  of  revolutions  of  these  two  passages  across  the  canal 
are  used  as  a  single  experiment.  When  this  method  was  used  in 
series  A  the  meter  was  carried  only  once  across  the  canal,  and  it 
was  started  and  stopped  at  the  bottom  (center  of  meter  0.5  foot 
above  bottom)  and  close  to  each  side,  and  reached  the  surface  4  feet 
and  12  feet  from  the  south  side  of  the  6anal.  When  this  method  was 
used  in  series  E  the  meter  was  moved  slowly  from  the  surface  to 
the  bottom  (center  of  meter  from  2.5  inches  below  surface  to  5.5 
inches  above  bottom)  and  back  to  the  surface  in  each  of  the  eight 
verticals  in  which  the  met^r  was  held  when  the  ordinary  point  method 
was  used.  The  time  of  passage  of  the  meter  down  and  back  again 
in  each  vertical  was  noted  and-  the  revolutions  of  the  meter  wheel 
were  counted. 

REDUCTION    OF   EXPERIMENTS. 

The  standard  weir  gage  readings  were  averaged  for  the  time  of  each 
discharge  measurement,  and  the  reading  for  zero  head  subtracted, 
giving  the  head  on  the  weir  in  double  centimeters.  By  means  of  a 
chart  for  converting  head  on  weir  into  cubic  meters  per  second  and  a 
computing  machine  the  discharge  in  cubic  feet  per  second  was  easily 
obtained.  The  depth  of  water  in  the  canal  was  found  by  adding  to 
the  mean  canal  gage  reading  in  feet  the  difference  in  elevation  of  the 
canal  bottom  and  the  zero  of  the  scale.  The  discharge  when  the 
ordinary  method  was  used  was  computed  from  the  vertical  velocity 
curve  for  that  experiment  (see  figs.  23  to  28).  The  observations  were 
usually  taken  in  the  eight  verticals  at  1,  3,  5,  7,  9,  11,  13,  and  15  feet 
from  the  south  side  of  the  canal,  and  at  the  same  distance  above  the 
bottom.     When  observations  in  any  vertical  were  missing,  as  in  ver- 
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ticals  7  and  11  in  series  C,  they  were  sapplied  by  interpolation.  The 
mean  number  of  revolutions  at  the  depth  of  each  observation  for  these 
eight  verticals  was  then  found,  converted  into  velocity  by  the  rating 
table,  plotted  (as  in  figs.  23  to  28),  and  a  mean  curve  drawn.  The 
mean  abscissa  of  this  curve  is  the  mean  velocity  in  the  cross  section; 
the  discharge  is  the  product  of  this  velocity  and  the  cross-sectional 
area. 

When  the  six-tenths-depth  method  was  used  a  horizontal  curve  of 
velocity  was  drawn  in  a  similar  manner  and  the  mean  velocity  was 
found  from  it.  The  mean  velocity  by  the  integration  method  was 
obtained  by  dividing  the  revolutions  by  the  corresponding  time  and 
converting  the  quotient  into  velocity. 

DISCUSSION   OP   RESULTS. 


COMPARISONS  OF  DISCHARQB  MEASUREMENTS. 

The  following  tables  give  the  results  of  the  discharge  comparisons 
of  series  A  to  D.  The  standard  weir  discharge  (third  column)  is 
the  mean  for  the  time  over  which  the  meter  observations  (ordinary 
method)  extended.  It  is  assumed  to  be  the  same  for  the  shorter 
period  of  measuring  the  discharge  by  the  six-tenths-depth  and  the 
integration  methods.  This  is  not  strictly  true  for  the  larger  dis- 
charges, but  it  is  near  enough  for  practical  purposes.  The  true 
velocity  is  obtained  by  dividing  the  weir  discharge  by  the  cross- 
sectional  area  at  the  meter  station.  The  other  columns  are  self- 
explanatory. 
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ComparisoTM  of  ditsckarge  over  Cornell  Univerttity  standard  weir  with  measure' 

ments  by  current  meters — Continned. 


8EBIE8  B. 


Date. 


1900. 
Mayl9 

Do!!""" 
May  21 

Do 

Do 

Do 

Do 

Do 

May^ 

Do!'.!!!! 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 


4i 

s 
s 

& 

H 

9 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 


& 


a 

00 


Cu.ft. 

per  aec. 
50.906 
50.200 
50.154 
65.625 
65.625 
66.896 
21.616 
66.731 
33.060 
21.309 
94.410 
94.410 
67.854 
57.854 
48.761 
43.761 
29.698 
29.508 
18.932 
18.902 


Meter  observatloiia. 


fit  o 

1-8  i 


Feet 
per  sec. 
1.115 


1. 
1. 
1. 
1. 


115 
110 
299 
.299 
3.000 
0.786 
2.089 
0.741 
0.660 
1.885 
1.885 
1.198 
1.198 
0.963 
0.953 
0.698 
0.696 
0.464 
0.464 


Feet 
per  »ec. 
2.823 
2.823 
2.821 
3.157 
3.157 
2.091 
1.719 
2.066 
2.766 
2.428 

3.1a) 

3. 130 
3.018 
3.01S 
2.870 
2.870 
2.671 
2.671 
2.563 
2.558 


9i 

9 


B 

o 

a 


B.P.351 
Fteley 
L.P.  88 
Pteloy 
L.P.  88 
Pteley 
L.P.  88 

...do... 
Pteley 

— do... 

....do. 
L.P.  88 
Fteley 
L.P.  »8 
S.P.351 
Fteley 
B.P.361 
Fteley 
S.P.361 
Fteley 


I 


oo 


16 
16 
16 
24 
24 
24 
16 
24 
16 
16 
24 
24 
24 
24 
16 
16 
16 
16 
8 
8 


Ordinary  method. 


Vo 

Qo 

Feet 

Cu.ft. 

per  aec. 

per  aer. 

2.790 

49.774 

a  599 

64.20» 

3. 103 

53.790 

3.341 

f».S02 

3.085 

64.118 

2.500 

80.000 

1.538 

19.341 

1.900 

61.682 

3.273 

33.295 

2.945 

25.916 

3.780 

114.250 

3.102 

98.556 

3.720 

71.;»6 

2.947 

66.589 

2.698 

43.055 

3.474 

52.944 

2.425 

26.876 

3. 137 

34.768 

2.290 

16.983 

2.982 

21.744 

Varia 
tion. 


Per  ct. 
+  1.11 

-27. 75 

-  7.26 

-  5.91 
-f  2.30 
-1H.09 
+  10.54 

+  9  rrr 

+  2  30 

21.28 

-21.01 

f  0.«^l 

Zi.'.i7 

+  2.18 

+  l.(i2 

-20.  U8 

+  9.19 

-17.47 

-io.:» 

-14.84 


•L.  P.  ^large  Price;  S.  P.  ="8X1^11  Price.    The  Hgnreb  given  are  the  meter  numbers. 
IRR  64r-02 5 


66 


ACCURACY   OF  STBEAM   MEASUBEMENT8. 


[K0.61 


"55 


t§ 


a 


I 


PS 

pa 


§1 

> 


I 
I 

o 
u 

s 


s 

00 


Oi 


f  I   I   M   I   I   i   I  I  I  M   I  1  M 


o» 


o» 


""  I    I    I    I    I    I    I    I    I    I    I    i    I    I    I    I 


k 


•-H  ©rS' 


hi  I  I  +  I +  :+  +  +  +  +  +! +  + 
€ : 


8 


le 


•8 

B 


o 


o» 


tr 


d 


tS 


I 


8«* 

oils  Jd 


1 

el  »« 


•^^  OB  '^ 

GO      fO 


I 


o^ 


•  •■•■••■■••■••  ■  * 


k' 


5 


liSiSi 


^^dddrJd 


iSSiSis 


00i-li-«00i-400 


rHdddi-4«Hddd 


mmfi 


i 


vHi^OOrHOO 


6,  §§si!SS§§§SS§§i§§ 


5 


fH  »H  »H  ^H  rH  ^^  ^4 


2S 


S 


Si 


Sod  dj P J  odd 


S 


MURPHY.] 


EXPERIMENTS    AT    CORNELL    UNIVERSITY. 


67 


o 

0 
0 

••a 

o 


2 


^ 


!3 


a 

Si. 

o 
■5 


a 


o 
o 

ee 


00 

H 

ES 
H 

00 


03 

a 
o 

k 
$ 

.a 
o 

« 
« 
1^ 


I 


o» 


{S    .    .    . 

;;  I  I  I 


■8 

8 

s 

;   1 

1 

00 

1 

Ob     • 

1   : 

■ 

• 

si 

o* 

y 

1 

o» 

ij 

o 

1 

•         ■•■•••■■•■•■■a 

-^  t^  ^  rx  9)  ^  O -^  O  fc*  O  «9  9)  Oft  O 
I     1     l7    I   +  I     I     I     I     I     I     I     I     I 


d 


o» 


o» 


V    ■    • 

4 


00  CO  00  ^  «i  ei  f-<  o  t>^  o 
I    I    I    I  ++ I  +1 


Integra- 
tion 
method 

M-^a 

I- 


3! 


I  + 


3 


a 


5 


s 


dO  .a  ,e 


•s 

a 

O 


& 


t^ 


^2S 


■>*  ®  ^  a?  85  51.^  ^  0>  r^ 

■        ■■■■•■••• 


*  «  U» 


ii 


■«C1 


OOOOi 


ss 


i?2 

oo 


.^•CO    .^    ..^    .J<    .^    .^    .J<* 


fe  i-J  iH  f-«  c5  o  c> 
0, 


'  s  ■<  :1!  'if »»   OS 


p^«-IpHi-400    O    oo 


o 


Q 


fill 


f^  ^  *  *  *  . 


»H     ««3 


iiOiO 


It 


S^^S5S2SJ*"-*'-!i?!P'-*'-<«-'«-*OC>    cp    r^i- 

5 


ao&« 
0  Ha 


2  ■■£ 


00 


J 


gogococgooooo 


o 
Q 


o  o 


5 


a 

0 

d 

>4 

^ 

a* 

9 

a 

9 

^ 

*» 

2 

08 

O 

o 

?s 

ll 

o    >« 

JO  n 

Hii 

el 

.      »4 

Z3   0 

«   » 

•^  a 

S  * 

a  § 

•!4   1^ 

a& 

W-o 

■  » 

o   g 

T  •M 

£S 

^  £i 

'«    « 

§1 

II    * 

".  ^ 

ft,    g 

CD  tD 

«      JB 


68 


ACCURACY    OF   STREAM   MEASUUEMICNTS. 


[NO.W. 


It  is  seen  from  the  foregoing  tables  that  the  meter  discharge  <liffers 
from  the  weir  discharge  all  the  way  from  0  to  40  per  cent.  One  might 
say,  without  careful  examination,  that  the  current  meter  must  be  a 
very  unreliable  velocity-measuring  instrument;  but  when  we  examine 
these  results  carefully  and  plot  them  according  to  velocity  we  find  the 
case  very  different.     Take  first  the  results  by  the  ordinary  method. 
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Fio.  lA.— Diagram  showing  diiferenoe  between  meter  discharge  by  ordinary  method  and  weir 
discharge,  from  measurements  in  Cornell  University  experiment  canaL  Line  (MK  represents 
weir  discharge. 

These  are  plotted  for  each  meter  in  fig.  16,  using  mean  velocity  as 
abscisssB  and  percentage  difference  as  ordinates.  It  is  seen  that  nearly 
all  of  these  points  fall  on  well-defined  lines.  The  few  exceptions  are 
those  in  which  the  depth  is  small  and  the  errors  of  depth  and  position 
of  meter  have  a  large  effect  on  the  measured  discharge.  Th^  dis- 
charge obtained  with  the  Fteley  meter  differa  more  from  the  corre- 
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Fig.  17.— Diagram  showing  difference  between  meter  discharge  by  six-tenthskdepth  and  inte- 
gration methods  and  weir  discbarge,  from  measurements  in  Cornell  Unlyersity  experiment 
canaL    Line  O-C  represents  weir  discharge. 

sponding  weir  discharge  than  that  obtained  with  the  other  meters. 
This  is  because  it  had  never  been  rated.  The  constant  we  have  used 
in  reducing  the  observations  with  this  meter — viz,  1  revolution  x>^r 
second  at  1  foot  velocity  =  1.072 — was  obtained  from  observations 
by  students.  It  is  not,  however,  much  in  error  for  this  velocity, 
but  is  largely  in  error  for  other  velocities.  The  rating  obtained  from 
these  Weir  experiments  is  given  in  the  table  on  page  81.     For  the  other 
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three  meters  the  percentage  error  is  small  for  velocities  above  1  foot 
per  secofid.  For  the  Price  meters  the  error  is  positive  and  increases 
rapidly  as  the  velocity  decreases.  For  the  Haskell  meter  the  error  is 
negative  and  increases,  negatively,  rapidly  as  the  velocity  decreases. 
The  error  in  rating,  if  we  may  call  it  such,  is  not  so  large  as  it  appears 
from  these  diagrams,  for  a  10-per  cent  error  in  a  small  quantity  is  only 
a  1-per  cent  error  in  a  quantity  ten  times  as  large.  The  rating  tables 
as  derived  from  these  curves  and  as  found  bj'  moving  the  meter 
through  still  water  are  given  in  the  table  on  page  81.  Experiments 
with  depths  of  0.75  foot  or  less  (Nos.  9  and  17  to  20  of  series  B)  are 
not  plotted  in  the  diagram  (fig.  16),  as  the  probable  error  is  large;  nor 
are  experiments  1  to  4  of  series  C,  be- 
cause the  upper  and  lower  parts  of  the 
vertical  curves  are  not  well  defined; 
nor  experiments  4  to  7  of  series  D,  be- 
cause there  appears  to  be  an  error  in 
the  hook-gage  work  of  those  experi- 
ments. 

In  fig.  17  are  plotted  the  percentage 
differences  between  weir  discharge  and 
discharge  obtained  by  the  six-tenths- 
depth  and  the  integration  methods. 
It  is  seen  that  the  meter  discharge  by 
these  methods  is  gi-eater  than  the  weir 
discharge,  being  4  or  5  per  cent  greater 
for  velocities  above  1  foot  per  second. 
In  the  integration  method,  for  small 
velocities  the  difference  increases  ver^'^ 
rapidly  as  the  velocity  decreases.  It 
is  seen  from  figs.  16  and  17  that  while  the  ordinary  method  gives  dis- 
charge 1  or  2  per  cent  less  than  the  weir  for  velocities  above  1  foot  per 
second,  the  six-tenths-depth  and  the  integration  methods  give  dis- 
charge 4  or  5  per  cent  great.er  than  the  weir. 

The  results  of  the  discharge  measurements  of  series  E  are  given  in 
the  following  table  and  are  plotte<l  in  fig.  18,  which  shows  three  sets 
of  double  comparisons.  Experiments  1  to  20  give  a  comparison  of 
simultaneous  measurements  with  small  Price  meter  No.  303  and  Has- 
kell meter  No.  3,  and  also  with  the  discharge  obtained  at  the  same 
time  with  the  weir.  Experiments  21  to  38  give  similar  comparisons  for 
the  two  small  Price  meters  and  the  weir,  and  experiments  39  to  50  give 
similar  comparisons  for  Haskell  and  Price  meters  and  the  weir. 


FiQ.  18.— Diagram  showing  difference 
between  meter  discharge  with  differ 
ent  meters  and  weir  discharge  in  ex- 
periments of  series  E  in  Cornell  Uni- 
versity experiment  canal.  Zero  line 
indicates  weir  discharge. 
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Comparison  of  dwdtarge  over  Cornell  University  staiuiard  weir  vrith  measure- 

ments  by  current  meters. 


RERIKS  K. 


No.  of 
experi- 
ment. 

I 
Date. 

Depth  of 
water  in 
canal  at 
meter  sec- 
tion. 

True  ve- 
locity at 
meter  sec- 
tion. 

Standard 
weir  dis- 
charge 

Meter  dis- 
charge 

(<?w). 

Cu.ft.per 

Varia- 
tion 

Kind  of 
meter.  * 

Diir.»r- 

encein 

meter 

dis 

charges. 

Cu.ft.per 

1901. 

Feet. 

Ft.  per  sec. 

aec 

sec. 

Per  cent. 

Percent. 

1 

April  1  —  . 

9.075 

1.472 

204.41 

214.08 

-4.73 

Haflk.3... 

}         0.86 

2 

do 

9.075 

1.456 

204.41 

212.  ;fi 

-3.87 

a.P.363-. 

3 

April2.... 

6.079 

2.208 

208.88 

216.28 

-3.64 

Hask.  3. 

}         0.99 

4 

...do 

6.079 

2.187 

206.88 

214.22 

-2.55 

S.P.363.. 

5 

do 

7.453 

1.744 

200.81 

208.85 

-4.00 

Ha.sk.  3-- 

2.03 

6 

do 

7.453 

1.710 

200.81 

204.  n 

-1.97 

S.P.383.. 

7 

do 

5.742 

2.137 

197.64 

197.02 

-0.31 

Hask.  3. . . 

1.58 

8 

do 

5.742 

2.m 

197.64 

200.15 

-fl.27 

8.  P.  363-. 

9 

Aprils  ... 

7.409 

1.869 

222.67 

222.68 

0.00 

Hask.  3.. 

0.75 

10 

...do 

7.400 

1.883 

222.67 

224.35 

-0. 75 

S.P.363.. 

11 

do 

6.295 

2.137 

220. :» 

216.00 

-fl.96 

Hask.  3  . 

LH2 

12 

do 

6.295 

2.177 

220.33 

220.08 

-H).14 

8.  P.  383.. 

13 

do 

5.628 

2.377 

219.38 

214.82 

+2.08 

Hask.3.. 

2.^1 

14 

do 

5.628 

2.438 

219.38 

220.33 

-0.43 

S.P.aBS.. 

15 

do 

5.294 

2.611 

221.96 

222.02 

-0.08 

Hask.3..- 

}         0.34 

16 

....  do 

5.294 

2.602 

221.96 

221.27 

+0.31 

S.P.a63. 

17 

do  .... 

4.892 

2.764 

222.81 

217.32 

+2.46 

Hask.  3.. 

\         ^  '*> 

18 

do 

4.892 

2.827 

222,81 

232.27 

+0.24 

S.P.363  - 

19 

do 

4.617 

2.936 

224.75 

218.32 

+2.86 

Hask.3  .. 

[         2,85 

20 

do 

4.617 

3.019 

224.75 

224.60 

■1-0.01 

S.P.3B3.. 

l.dD 

21 

April  6.... 

4.808 

2.985 

23a  36 

2:10.66 

-0.13 

S.P.351 

}        n  71 

22 

do 

4.808 

3.006 

230.36 

232.^ 

-0.84 

s.p.a6;r. 

23 

April  10  .. 

8  744 

1.670 

230.75 

234.68 

-1.70 

S.P.351 

}          0  71 

24 

..    do 

8.744 

1.657 

230.75 

232.85 

-0.99 

S.  P.  383 . 

25 

-...do 

7.874 

1.846 

£29.28 

233.61 

-l.«9 

8.  P.  351 

1          O  S8 

26 

do 

7.874 

1.862 

229.28 

235.64 

-2.77 

S.P.;W3 

27 

do    ... 

6.889 

2.108 

229.91 

233.25 

-1.46 

s.p.a'ii 

}           I.CS 

28 

do._. 

6.889 

2.073 

329.91 

229.38 

+0.23 

8.  p.  363 . 

29 

April  11... 

6.129 

2.  .'MO 

227.16 

230.25 

-1.36 

8.  P.  351 . 

}           0.86 

30 

...do 

6.129 

2.320 

227.16 

228.28 

-0.50 

S.P.363. 

31 

do.  ... 

5.483 

2.506 

225.01 

228.50 

-1.60 

S.P.:Vil 

}          0-31 

32 

do  .... 

5.483 

2.604 

235.01 

239.30 

-1.91 

8.  P.  383.. 

33 

do 

5. 185 

2.725 

224.06 

236.98 

-1.30 

8.  P.  351  - 

}           1-33 

34 

do.   ... 

5.185 

2.758 

224.06 

229.  rj 

-2.53 

S.P.363. 

35 

do 

5.0U3 

2.816 

222.60 

226.37 

-1.69 

8.  P.  361  - 

}       o.es 

36 

do 

5.003 

2.8:m 

222.60 

227.82 

-2.34 

aP.363. 

37 

do 

9.256 

1.522 

228.40 

226.38 

-1.33 

8.  P.  351     ' 

}          1-06 

38 

do 

9. 256 

1.538 

223.40 

228.71 

-2.38 

S.  P.  363 . 

1 

O.STj 

39 

AprU12... 

9.344 

1.486 

224.63 

S3. 11 

+0.B8    Hask.3... 

}          3.68 

40 

do 

9.344 

1.541 

224.63 

231.37 

-3.a)    S.  P.351. 

41 

do 

8.934 

1.613 

221.39 

231.58 

-4.60     S-P-a"*!.. 

}          4.67 

42 

do 

8.934 

1.543 

221.30 

221.53 

+0.07     Bask.  3... 

43 

do 

8.297 

1.646 

221.39 

219.50 

-1-0.81  '.    do 

.X21 

44 

do 

»  8.297 

1.700 

221.39 

226.70 

-2.40  1  S.P.351. 

45 

do 

7.806 

1.775 

2S21.49 

2^*2.69 

+0.54     Hask.3  .. 

261 

46 

do 

7.8«Ki 

1.808 

221.49 

226.19 

-2.07    S.  P.  :bi-. 

47 

48 

do 

do 

7.28« 
7.26(i 

1.879 
1.943 

221.21  1 
221.21 

219.34 
226.81 

+0.85    Hask.3... 
-2.53     8.  P.  351. 

}          3,38 

49 

do 

6.43!) 

2.132 

221.03 

220.43 

-0.27 

Hask.  3. . 

}           1.S0 

nO 

do 

6.439 

2.182 

231.03 

225.61 

-2.07 

S.P.351.. 

3-2J 

*  8.  P.  -  small  Price;  Hask.  =  Haskell.    The  figures  given  are  the  meter  nambera. 
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The  principal  results  of  the  foregoing  comparisons  have  been  con- 
densed in  the  following  table : 

Table  shounng  percentage  variation  between  weir  discharge  and  meter  diBcharge^ 
and  between  meter  discharge  by  different  instruments  of  expanments  in  series  E. 


Experi- 
ments. 


itoao... 

Do... 
21  to  38.. 

Do... 
39  to  50.. 

Do... 


Kind  of  meter. 


HaakeHNo.S.. 
S.  Price  No.  863 
8.  Price  No.  361 
S.  Price  No.  363 
S.  Price  No.  351 
HaskeUNo.S.. 


Difference  between  standard  weir 
discharge  and  meter  discharge. 


Max. 


Perct 
-4.73 

-a  87 

-1.89 
-2.77 
-4.60 
+0.85 


Min. 


Per  ct 
0.001 

+0.01 

-0.13 

+0.83 

-2.07 

-0.27 


Mean.* 

Perct. 
-0.33 

-0.76 

-1.38 

-1.56 

-2.78 

+0.40 


Range. 


Per  c€nt. 
-4. 73  to +2.86 

-3.87  to +1.27 

-1.89  to -0.13 

-2. 77  to +0.23 

-4. 60  to -3.07 

+0.86  to -0.27 


Difference  in  discharge  of  si- 
multaneons  meter  meas- 
urements. 


Max. 


Perct. 


2.86 


1.68 


4.«7 


Min. 


Perct. 


0.34 


0.31 


1.80 


Mean. 


Perct. 


•0.29 

'•i.eo 


•0.18 
>>0.90 


•3.22 
»>3.22 


Range. 


Perct 


I  2.51 
i  L37 
^     2.87 


•  Regarding  signs. 


>>  Disregarding  signs. 


It  is  seen  from  this  that  in  none  of  these  fifty  experiments  does  a 
meter  discharge  differ  from  a  corresponding  weir  discharge  5  per  cent, 
and  in  no  case  do  two  simultaneous  meter  discharges  differ  from  each 
other  5  per  cent.  In  experiments  1  to  20  the  mean  variation  from  the 
weir  discharge  is  —0.33  per  cent  for  the  Haskell  meter  and  —0.76  per 
cent  for  the  Price  meter,  while  the  mean  difference  between  corre- 
sponding meter  discharges  is  0.29  per  cent.  In  experiments  21  to  38 
the  mean  variation  from  the  weir  discharge  is  1.38  per  cent  for  Price 
meter  No.  351  and  — 1.5G  per  cent  for  Price  meter  No.  363,  while  the 
mean  difference  between  corresponding  meter  discharges  is  0.18  per 
cent.  In  experiments  39  to  50  the  mean  variation  from  the  weir  dis- 
charge is  2.78  per  cent  for  the  Price  meter  and  0.40  per  cent  for  the 
Haskell  meter,  while  the  mean  difference  between  corresponding 
meter  discharges  is  3.22  per  cent. 

The  range  of  variation  of  meter  discharge  from  weir  discharge  is 
greater  than  that  of  corresponding  meter  discharges.  This  is  to  be 
expected,  however,  since  there  are  a  number  of  possible  errors  in  the 
former  which  are  not  in  the  latter.  Errors  in  measuring  head,  depth, 
calibration  of  weir,  velocity,  and  rating  of  meter  affect  the  former, 
while  only  the  two  latter  errors  affect  corresponding  meter  discharges. 

It  is  also  seen  that  the  mean  of  the  difference  between  simultaneous 
discharge  measurements  Nos.  21  to  38  is  only  0.18  per  cent,  and  the 
extreme  range  in  these  eighteen  consecutive  measurements  is  only 
1.37  per  cent.  How  much  of  this  error  is  due  to  errors  in  the  rating 
table  and  how  much  to  errors  in  observing  velocity  we  were  unable  to 
determine,  as  good  facilities  for  rating  were  not  at  hand.  We  are, 
however,  justified  by  these  experiments  in  the  statement  that  the  dis- 
charge of  this  canal  can,  with  a  small  Price  meter,  be  measured  to 
within  less  than  1  per  cent  when  the  mean  velocity  in  the  canal  is 
from  1.5  feet  to  3  feet  per  second. 


Pio.  IS.— CurTBBirf  eqokl  velocity  tn  eiperli 
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VELOCITY  CURVES. 

Curves  of  equal  velocity  in  the  cross-sectional  area  of  obeervatioD 
are  Hhown  in  figs.  19,  30, 
21,  and  22.  Four  experi- 
menlA  are  selected  (one 
from  each  series)  from  the 
sixty-five  oxperimenbt  of 
series  A  to  D  by  the  ordi- 
uary  niethwl,  to  show  the 
variation  of  velocity  in 
the  sections.  They  are 
self-explanatory.  Fig.  20 
illustrates  a  casi-  uf  small 
depth,  high  velocity,  and 
no  iMMjk -water  effect.  The 
maximum  velocity  is  at 
the  surface,  nearly  mid- 
way between  the  banks. 
In  figs.  19,  21,  and  22  the 
maximum  velocity  is  be- 
low the  surface  and  not 
midway  between  the 
banks.  It  is  less  at  the 
center  than  3  nr  4  feet  from 
either  side.  This  is  tnie 
of  all  the  exjierinientK  of 
series  A,  We  tried  ad- 
mitting the  water  to  the 
upper  chamber  of  the  ca- 
nal in  various  ways,  by 
opening  some  of  the  gat«s 
and  closing  or  imrtly  clos- 
ing others,  but  the  distri- 
bution of  velocity  ap- 
peartHi  to  be  nearly  inde- 
pendent of  the  openings 
through  which  the  water 
was  adraitte<l  to  the  caugl. 
Horizontal  velocity 
curves  are  shown  in  thi-se 
same  figures  (10  to  22),  the 
velocity  curve  at  six- 
^''  tenths  depth  below  the 
surface  being  shown,  and 
In  these  figures  the  velocity 


fesfor«urface  and  bottom 


HTJRPHY.J 


EXPERIMENTS   AT   CORNELL    UNIVERSITY. 


73 


near  the  north  side  of  the  canal  is  somewhat  less  than  that  near  the 
south  side.  This  is  true  of  all  the  experiments  of  series  C  and  D.  It  is 
due  to  the  north  side  of  the  canal  being  much  rougher  than  the  south 
side,  the  concrete  of  the  north  side  having  been  cut  away  preparatory 
to  its  repair  just  previous  to  making  the  experiments  of  series  C. 

Vertical  velocity  curves  for  these  four  series  of  exi)eriments  (A  to 
D)  are  shown  in  figs.  23  to 
28.  Each  of  these  curves 
is  the  mean  of  observa- 
tions in  the  eight  verticals 
1,  3,  5,  7,  9, 11, 13,  and  15 
feet  from  the  south  side 
of  the  canal.  For  series 
C  and  D,  figs.  2C,  27,  and 
28,  the  observations  ob- 
tained with  small  Price 
meter  No.  363  at  six-tenths 
depth  are  shown  by  the  lit- 
tle squares.  As  a  rule  they 
fall  outside  the  curve, 
meter  No.  3G3  indicating 
a  somewhat  greater  veloc- 
ity than  meter  No.  351.  This  fact  is  also  shown  by  the  corresponding 
curves  of  figs.  16  and  17.  The  two  sets  of  velocity  curves  (full  and 
dotted)  of  fig.  28  were  found  from  simultaneous  velocity  measure- 
ments. Two  parties  measured  velocity  in  the  same  section  at  the 
same  time.     One  party,  with  the  Haskell  meter,  started  near  the  south 


Fio.  22.— Curves  of  eqnal  velocity  In  exiieriment  No.  20, 
fteriea  D.  The  dots  are  for  Haskell  meter  No.  3;  heavy 
black  squares  for  Rmall  Price  meter  No.  868. 


Pro.  23.— Vertical  velocity  curves  obtained  with  cnrrent  meters  In  experiments  in  series  A. 
Nob.  1, 2,  8, 12,  and  13  are  for  lar^  Price  meter  Na  88;  Nos.  4,  5,  6,  7,  and  11  are  for  small  Prioe 
meter  No.  851. 

side  of  the  canal  and  worked  toward  the  north  side ;  the  other  party, 
with  the  Price  meter,  started  at  the  north  side  and  worked  toward 
the  south  side.  It  is  seen  from  these  curves  (fig.  28)  that  the  ])ottom 
velocities  agree  more  closely  than  those  at  the  surface,  and  that  the 
Haskell  meter  gives  a  much  larger  surface  velocitj'^  than  the  Price 
meter.     We  should  expect  a  little  difference,  since  the  revolving  head 
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of  the  Hankell  meter  is  larger  than  the  wheel  of  the  Price  meter,  and 
its  center  being  farther  below  the  surface  it  must  revolve  faster.  But 
the  difference  in  velocity  is  much  greater  than  this  little  difference  in 
depth  of  axis  would  indicate.     (See  p.  91.) 

The  shape  of  these  curves  evidently  depends  on  the  depth  and 
velocity.     For  depths  not  exceeding  1  foot  it  is  a  nearly  straight  line, 
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Fio.  24.— VerUoal  velocity  ourves  obtained  with  Pteley  current  meter  in  experiments  in 

series  A. 

with  the  maximum  velocity  at  the  surface  and  the  mean  velocity  at 
mid  depth.  For  depths  of  8  or  0  feet  and  small  velocities  the  curve 
is  very  flat,  with  the  maximum  velocity  at  tv/o-tenths  to  three-t-enths 
depth  and  the  mean  velocity  at  sixty-five-hundredths  to  seven-tenths 
depth  below  the  surface.  The  radius  of  curvature  decreases  as  the 
velocity  increases!  In  all  of  these  curves  the  least  velocity  is  at  the 
bottom.     Nos.  6  and  8,  series  B,  fig.  25,  show  the  effect  on  the  vertical 
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Fig.  25.— Vertical  velocity  cnrve^  obtained  with  current  %neters  in  experiments  in  series  Bl 
Nos.  1, 15, 17,  and  19  are  for  small  Price  meter  No.  351 ;  Nos.  3, 5, 7, 8, 12,  and  14  are  for  larsre  Prioe 
meter  No.  88;  Nos.  2,  4,  6,  9, 10, 11, 13, 16, 18,  and  20  are  for  Fteley  meter. 

velocity  curve  of  checking  the  discharge  at  the  lower  end  of  the  canal. 
For  all  the  other  curves  of  fig.  25  there  is  free  discharge.  The  effect 
of  checking  the  discharge  at  the  lower  end  is  to  force  the  thread  of 
maximum  velocity  from  the  surface  to  a  depth  of  two-tenths  or  more. 
The  table  on  page  77  gives  the  position  of  the  threads  of  maximum  and 
mean  velocity  taken  from  the  curves  shown  in  figs.  23  to  28.     It  is 
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difficult  to  locate  the  threads  with  accuracy,  since  very  little  change 
in  the  shape  of  the  curve  would  make  a  great  change  in  the  position 
of  the  threads.  It  is  easily  seen  that  the  shape  may  be  changed  some- 
what and  yet  fit  the  observations  nearly  as  well  as  the  one  drawn  and 
give  a  discharge  differing  from  it  but  little.  For  velocities  of  a  foot 
or  more  per  second,  however,  the  threads  can  be  located  with  a  fair 


Via.  26. — Vertical  velocity  curves  obtained  with  current  meters  in  experiments  in  series  C. 
Heavy  round  dots  are  for  small  Price  meter  No.  351:  the  square  blocks  are  for  small  Price 
meter  No.  883. 

degree  of  accuracy.  The  position  of  the  thread  of  maximum  velocity 
as  found  from  series  A  is  eighteen-hundredths  depth  below  the  sur- 
face; for  series  B  it  is  one-tenth  depth;  for  series  C,  thirty-eight- 
hundredths  depth;  and  for  series  D,  twentj^-four-hundredths  depth. 
For  the  mean  of  C  and  D,  in  which  the  conditions  are  nearly  the  same, 
it  is  thirty-one-hundred ths  depth.     The  position  of  the  thread  of  mean 
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Fio.  27.— Vertical  velocity  curves  obtained  with  current  meters  in  experiments  in  series  C. 
Heavy  round  dots  are  for  small  Price  meter  No.  351;  the  square  blocks  are  for  small  Price 
meter  No.  988. 


velocity  as  shown  by  this  table  is  sixty-six-hundredths  depth  for  series 
A,  fifty-four-hundredths  depth  for  series  B,  and  sixty-six-hundredths 
depth  for  series  C  and  D.  It  is  seen  that  the  threads  of  mean  and 
maximum  velocity  are  nearer  the  surface  in  series  A  than  in  series  C  or 
D,  although  the  depths  do  not  differ  much.  This  is  probably  due  to 
the  influence  of  the  Croton  model  dam,  the  long  upstream  slope  of 
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which  has  had  the  effect  of  forcing  the  thread  of  maximum  velocity 
up  to  thirteen-hundredths  depth.     As  the  ratio  of  width  to  depth 


Fro.  28.— Vertical  velocity  coryes  obtained  with  Haskell  meter  Na  3  and  small  Price  meter  Na 
383  in  experiments  in  series  D.  Open  circles  are  for  small  Price  meter  No.  363,  point  method: 
heavy  black  dots  are  for  Haskell  meter  No.  3,  point  method;  heavy  black  squares  are  for  small 
I^ice  meter  No.  363,  six-tenths-depth  method. 

changed  from  16  to  2  the  thread  of  mean  velocity  moved  from  fifty- 
four-hundred  ths  depth  to sixty-six-hundredthsdepth below  thesurface. 
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The  first  of  the  following  tables  gives  the  mean,  maximum,  and 
bottom  velocities  in  the  experiments  of  series  A,  C,  and  D,  also  the 
ratio  of  bottom  velocity  to  mean  velocity  and  of  mean  velocity  to 
mid-depth  velocity.  It  is  seen  that  the  ratio  of  mean  velocity  to  mid- 
depth  velocity  is  much  more  nearly  constant,  and  hence  is  better  to 
use  than  that  of  mean  velocity  to  bottom  velocity.  The  second  table 
gives  the  ratio  of  mean  velocity  to  three-tenths-depth  velocity,  and  of 
mean  velocity  to  six-tenths-depth  velocity  in  series  A,  0,  and  D.  The 
ratio  at  three-tenths  depth  is  seen  to  be  more  nearly  constant  than 
that  at  six-tenths  depth. 
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Velocity  ratios  in  Cornell  University  experiment  canal  cut  found  xrith  current 

meters  in  May,  November  y  and  December y  1900, 


No.  of 

Series  A. 

Series  C. 

Series  D. 

^■~ 

exiieri- 

Veloc- 

Depth 

Ratio 

1  Ratio 

Veloc- 

Depth 

RaUo  Ratio 

Veloc- 

Deoth 

Ratio 

RaUo 

ment. 

ity 
Ft.  per 

O  Q> 

ity 
(Wo). 

(D 

0)- 

ity 

(S) 

o- 

Ft.  per 

Ft.  per 

tec. 

Feet. 

•ec. 

Feti. 

•ec. 

Feet. 

1 

1.10 

8.00 

1.062 

1.060 

1.45 

9.46 

1.022 

1.009 

1.62 

9.51 

1.059 

1.012 

2 

0.45 

7.17 

1.062 

1.096 

0.97 

9.37 

1.0^ 

1.017 

1.48 

9.51 

i.on 

l.OQS 

3-. 

0.68 
1.27 

7.26 
8.10 

1.066 
1.060 

0.997 
1.014 

0.49 
0.26 

9.34 

8.92 

1.087 
1.081 

1.022 
0.981 

a'88' 

9.32 
9.54 

4 

1.081 

0.9H8 

5 

0.T9 

7.54 

1.073 

1.010 

1.45 

7.67 

1.057 

1.021 

0.79 

9.54 

1.089 

l.Oill 

6 

1.44 

8.87 

1.070 

1.083 

1.00 

7.64 

1.073 

1.025 

0.68 

9.52 

1.084 

l.OQO 

7 

1.04 
0.98 

7.85 
7.86 

1.040 
1.034 

1.003 
1.013 

0.60 
0.22 

7.58 
7.66 

0.65 
1.86 

9.52 
7.25 

1.046 
1.058 

1.010 

8 

1.091 

1.0B2 

l.OU 

9 

1.16 

7.86 

1.055 

1.000 

0.49 

6.01 

1.091 

1.069 

1.87 

7.25 

1.066 

l.«!7 

10 

1.29 

7.98 

1.083 

1.025 

1.89 

6.28 

1.127 

1.042 

1.68 

7.22 

1.03H 

1.010 

11 

0.04 

7.73 

1.060 

l.OBl 

1.25 

6.40 

1.094 

1.045 

1.65 

7.28 

1.089 

1.018 

12 

0.53 

7.28 

1.108 

1.04^3 

0.85 

6.32 

1.090 

1.066 

1.02 

7.18 

1.060 

i.(ei 

13 

0.74 

7.48 

l.(r70 

1.046 

0.46 

8.48 

1.066 

1.043 

0.96 

7.18 

1.070 

1.017 

14 

0.64 

7.28 

1.146 

1.001 

1.46 

8.47 

1.081 

1.096 

7.11 

15 

0.83 

7.48 

1.155 

1.030 

0.89 

8.51 

1.025 

1.042 

6.73 

5.15 

1.04i 

i.oii 

16 

0.20 

8.46 

• 

1.139 

1.030 

0.67 

— — — ■ 

5.15 

1.045 

1.015 

1.077 

1.021 

1.069 

1.035 

1.048 

i.uio 

Va  ==  velocity  obtained  by  ordinary  method. 

Vz  and  Vg  —  velocity  at  three-tenths  and  at  six-tenths  depth  below  the  snr£ace. 

MEAN  VELOCITY   BY  INTEGRATION  IN  VERTICALS. 

The  mean  velocity  in  the  discharge  section  was  obtained  by  the 
methoil  of  integration  in  tlie  eight  verticals  1,  3,  5,  etc.,  imintHiiHtely 
after  making  experiments  1,  3,  9,  and  37  of  series  £.  In  the  follow* 
ing  table  the  velocity  thus  obtained  is  compared  with  that  obtained 
by  the  ordinary  point  method  in  the  experiment  just  preceding: 

Comparison  of  mean  velocity  obtained  by  the  ordinary  point  method  and  by  inte- 
gration in  verticals  in  Cornell  University  experiment  canal. 


Date. 


1901. 

April  1 

April2 

April5 

April  11 


Depth. 


Feet. 
9.08 
6.06 
7.41 
0.26 


Kind  of  meter. 


Haskell  No.  3. 

do 

do 

8.  Price  No.  361 


Velocity. 


Point 

method 

iVp). 


Ft.  per  sec. 
1.468 
2.208 
1.883 
1.522 


Integra- 
tion 
method 


Ft. 


per  sec. 
1.460 
2.225 
1.921 
1.668 


Per  cent, 
-H).6 
— 0.S 
—2-0 
—3.0 


It  will  be  seen  that  the  agreement  is  close,  the  greatest  difference 
being  3  per  cent. 


RATING  METERS  IN  STILL  AND  IN  MOVING  WATER. 

The  results  of  meter  and  standard-weir  comparisons  are  given  in 
the  tables  on  pages  64  to  67.  With  a  few  exceptions,  already  men- 
tioned, these  are  shown  graphically  in  figs.  16,  17,  and  18,  pa^s  68 
and  69.  The  straight  lines  0-0'  represent  in  each  case  the  weir  dis- 
charge and  the  curved  lines  drawn  through  the  plotte<l  points  repre- 
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sent  the  percentage  variation   of   the   meter  discharge   from   the 

corresponding  weir  discharge.     The  meter  discharge  is  computed 

from  a  rating  table  prepared  from  ratings  in  still  water.     If  we 

assume  that  the  weir  discharge  is  correct,  then  these  curves  show  the 

percentage  difference  between  a  rating  in  still  water  and  a  rating  in 

moving  water,  and  furnish  the  data  for  preparing  a  rating  table  for 

moving  water  from  the  one  for  still  water.     We  have  only  to  apply 

the  correction  to  any  velocity  for  any  given  number  of  revolutions 

per  second,  shoMoi  on  the  proper  diagram,  to  obtain  the  velocity  in 

moving  water.     This  has  been  done,  and  the  rating  tables  of  the 

meters  in  still  and  in  moving  water  are  given  in  the  following  table. 

The  velocity  in  moving  water  for  any  given  number  of  revolutions  per 

second  is  greater  for  all  speeds  of  the  Price  meters  than  the  velocity 

in  still  water.     For  the  Haskell  meter  (a  propeller  instrument)  the 

velocity  is  less  in  moving  water  than  in  still  water  for  low  velocities, 

and  probably  about  the  same  in  moving  water  as  in  still  water  for  the 

higher  velocities.*    The  discharges  might  now  be  computed,  using  the 

rating  tables  for  moving  water,  and  they  would  agree  closely  with 

the  weir  discharges.     New  vertical  velocity  curves  have  been  found 

for  series  A,  and  the  mean  velocity  ascertained  from  them.     The 

shape  of  the  new  curve  differs  little  from  the  old  one,  as  the  range 

of  velocities  for  any  curve  is  small.     The  new  velocities  obtained 

from  the  corrected  curves  are  given  in  the  second  column  of  the 

table. 


Rating  tables  of  current  meters  in  still  water  and  in  moving  water  in  Cornell  Uni- 
versity experiment  canal. 


Revo- 
lutions 

per 
second. 

Small  Price 
No.  351.b 

Large  Price 

No.88.b 

Haskell 
No.3,c 

Fteley.h 

Revo- 
lutions 

per 
second. 

Haskell 
N0.3.C 

Pteley.h 

V 

Fw 

V 

Tw 

V 

Fw 

V 

Tw 

V 
1.30 

Kw 

V 

Fw 

1.10 
1.20 
1.30 
1.40 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 

1.28 

1.18 
1.29 
1.39 
1.50 
1.61 
1.72 
1.82 
1.93 
2.04 
2.14 

1.07 
1.15 
1.2:1 

i.;jo 

1.3H 
1.45 
1.53 
1.60 
1.67 
1.74 

1.40     1.39 

0.10 
0.15 
0.20 
0.25 
0.90 
0.% 
0.40 
0.45 
0.50 
0.55 
0.60 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.05 
1.00 

0.284 
0.397 
0.510 
0.625 
0.741 
0.857 
0.972 
1.0H8 
1.204 
1.319 
1.435 
1.560 
1.660 
1.782 
1.897 
2.013 
2.129 
2.244 
2.36 

0.318 
0.437 
0.552 
0.664 
0.776 
0.887 
0.998 
1.109 
1.220 
1.332 
1.447 
1.562 
1.677 
1.796 
1.915 
2.U33 
2.150 
2.266 
2.38 

1.50 
1.60 
1.71 
l.Hl 
1.92 

1.49 
1.60 
1.70 
1.81 
1.92 

0.54 
0.70 
0.86 
1.03 
1.19 
1.35 
1.52 
1.68 
1.84 
2.01 
2.17 
2.34 
2.50 
2  66 
2.83 
2.99 
3.15 
3.32 

0.660 
0.804 
0.950 
1.097 
1.244 
1.392 
1.550 
1.709 
1.874 
2.042 
2.207 
2. 373 
2.538 
2.702 
2.868 
3.084 
3.199 
3.366 

2.02     2.03 
3. 13     2. 14 

2.23 

2.24 

0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 
1.05 
1.10 
1.15 
1.20 

0.647 
0.698 
0.751 
0.803 
0.855 
0.907 
0.960 
1.014 
1.068 
1.121 
1.174 

0.536 
0.689 
0.64^3 
0.697 
0.750 
0.804 
0.858 
0.911 
0.965 
1.018 
1.072 

0.552 
0.598 
0.644 
0.690 
0.735 
0.779 
0.822 
0.864 
0.905 
0.946 
0.987 

**•••■ 

1"'"" 

*  Recent  experiments  with  a  Fteley  meter  do  not  verify  this  statement. 
^  Meter  held  with  rigid  rod. 
*>  Meter  held  with  cable. 

Note.— r= velocity,  in  feet  per  second,  from  still-water  rating;  rw=veIocity,  in  feet  per  sec- 
ond, from  moving- water  rating. 
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A  reason  for  the  percentage  increase  in  the  variation  of  the  meter 
discharge  from  the  weir  discharge  as  the  velocity  decreases  is  to  be 
found  in  the  rating  table  from  which  the  velocities  are  computed. 
The  experiment  of  November  1  shows  that  the  small  Price  meter  will 
measure  a  velocity  of  0.23  foot  per  second,  as  the  mean  velocity  found 
from  the  weir  is  0.229  foot  per  second  and  the  meter  wheel  revolved 
with  regularity  at  all  points  where  it  was  held.  The  observations  in 
the  rating  do  not  extend  to  this  velocity,  however,  and  do  not  war- 
rant the  preparation  of  a  rating  table  giving  velocities  of  less  than  0.5 
foot  per  second. 

,In  the  three  ratings  of  small  Price  meter  No.  351  on  May  9,  1901, 
shown  in  fig.  29,  page  89,  there  are  only  four  observations  for  veloci- 
ties less  than  0.5  foot  per  second  and  none  below  0.45  foot  per  second. 
The  extension  of  the  table  to  velocities  less  than  0.5  foot  per  second  is 
probably  made  on  the  assumption  that  this  part  of  the  rating  curve  is 
a  straight  line.  That  this  is  very  far  from  the  truth  can  be  seen  from 
an  inspection  of  the  three  curves  of  fig.  29.  Another  reason  is  that 
discharge  shown  by  the  Cornell  University  standard  weir  is  probably 
from  1  to  3  per  cent  too  large  for  low  heads  on  the  weir.  Recent 
experiments  seem  to  indicate  this  fact.  These  two  causes,  however, 
account  for  only  a  comparatively  small  part  of  the  difference  between 
current-meter  and  weir  discharge  at  low  velocities  which  the  exx)eri- 
ments  of  series  A  and  C,  and  others  made  since  the  writing  of  the 
body  of  this  paper,  indicate.  The  failure  of  the  meter  to  indicate  as 
high  a  velocity  when  held  in  a  very  slow-moving  current,  as  when  the 
meter  is  dragged  through  still  water  in  the  direction  of  the  current, 
is  probably  due  to  the  stream  lines  becoming  more  and  more  oblique 
to  the  axis  of  the  canal  as  the  velocity  decreases,  and  consequently 
their  impact  on  the  meter  being  less  than  when  they  moved  more 
nearly  in  the  direction  of  the  axis  of  the  canal. 

ERROR  IN  USING  AVERAGE  OP  BOTTOM  AND  SURFACE  VELOCITIES  FOR 

MEAN  VELOCITY. 

The  following  table  gives  the  mean  velocity  and  the  average  of  the 
velocities  0.5  foot  above  the  bottom  and  0.5  foot  below  the  surface  for 
the  experiments  of  series  A,  C,  and  D ;  also  the  error,  in  per  cent,  made 
by  using  the  average  of  surface  and  bottom  velocities  instead  of  the 
mean  velocity.  It  is  seen  that  in  all  these  experiments  except  two  the 
mean  velocity  is  greater  than  the  half  sum  of  the  surface  and  bottom 
velocities,  the  difference  varying  from  —  2.2  per  cent  to  +  30.6  per  cent. 
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Table  showing  relation  heUveen  mean  velocity  arid  average  of  surface  and  bottom 
velocities  as  found  from  Cornell  University  standard  weir  and  from  current 
meters  in  Cornell  experiment  canal. 


No.  of 
experi- 
ment. 

Series  A. 

• 
V 

V 

Feet  per 
second. 
1.400 
0.932 
0.477 
0.265 
1.444 
1.018 
0.602 
0.255 
0.515 
1.914 
1.283 
0.893 
0.478 
1.454 
0.915 
0.229 

Series  C. 
V 

V 

Series  D. 

V 

V 

V 

V 

V-V 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

13 

13 

14 

15 

16 

Feet  per 
second. 
1.164 
0.573 

Feet  per 
second. 
0.987 
0.416 

Per  cent. 
+15.3 
f37.5 

Feet  per 
second. 
1.413 
0.9&( 
0.468 
0.231 
1.364 
0.940 

Per  cent. 
-  0.2 
-0.3 
+  0.3 
+12.8 
+  5.6 
+  7.7 

1 

Feet  per 

second. 

1.528 

1.638 

Feet  per 

second. 

1.436 

1.436 

Per  cent. 
+6.2 
+6.2 

1.288 
0.841 
1.462 
1.066 
1.066 

1.190 
0.749 
1.384 
0.965 
0.946 

+  6.1 
+10.9 
+  5.4 
+  8.6 
+10.4 

0.177 
0.435 
1.730 
1. 129 
0.759 
0.433 
1.311 
0.784 
0.179 

+30.6 
+15.5 
+  9.6 
+12.0 
+15.0 
+11.8 
+  9.8 
+14.3 
421.8 

1.905 
1.905 
1.649 
1.649 
0.955 
0.955 

1.807 
1.779 
1.613 
1.590 
0.978 
0.897 

+5.2 
+6.6 
+2.2 
+3.6 
-1.9 
+6.1 

0.980 
0.643 
0.788 

0.887 
0.476 
0.687 

+  9.5 
+35.9 

+12.7 

0.689 
0.689 

0.704 
0.650 

-2.2 

+4.3 

V  —mean  velocity  found  from  standard  weir. 

F' =B mean  of  velooi ties  0.5  foot  above  bottom  and  0.5  foot  below  surface,  as  foand  by  meters, 
uncorrected. 

From  the  foregoing  table,  and  from  the  table  on  page  79,  in  which 
is  given  the  ratio  of  bottom  velocity  to  mean  velocity,  it  appears  that 
bottom  velocity  is  not  a  desirable  quantity  to  use  in  computing 
discharge,  for  it  varies  between  too  wide  limits.  In  a  stream  with  a 
stony  or  gravelly  bottom  the  limits  must  be  considerably  greater  than 
in  the  Cornell  canal  with  its  smooth  bottom.  Observations  at  mid 
depth  or  at  six-tenths  depth  give  better  results. 


COMPARISON  OF  RESULTS  BY  THREE  METHODS  OF  OPERATING  METER. 

Three  methods  of  operating  meters  have  been  used  in  these  experi- 
ments, viz,  the  ordinary  method,  the  six-tenths-depth,  and  the  inte- 
gration. A  detailed  account  of  the  manner  of  operating  the  meter 
by  each  of  these  methods  has  been  given  on  pages  62  to  63.  The  time 
required  to  make  a  discharge  measurement  was  from  thirty  to  sixty 
minutes  with  the  ordinary  method,  from  twenty  to  thirty  minutes 
with  the  six-tenths-depth,  and  from  five  to  ten  minutes  with  the 
integration. 

The  results  by  the  ordinary  method  in  series  A  to  D  (fig.  16,  p.  Gs) 
give  for  each  meter  a  well-defined  line  which  agrees  with  the  weir 
line  (0-0')  within  about  2  per  cent  for  velocities  greater  than  1.5  feet 
per  second,  the  meter  discharge  being  less  than  the  corresponding 
weir  discharge. 

The  agreement  with  the  weir  discharge  is  closer  in  series  E  than  in 
series  A  to  D,  being  —0.03  per  cent  for  the  Haskell  meter,  —1.13  per 
cent  for  Price  meter  No.  363,  and  —1.88  per  cent  for  Price  meter  No. 
351.    The  results  by  the  six-tenths-depth  method  do  not  give  as  well 
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defined  a  line  (fig.  17)  for  each  meter  as  do  those  by  the  ordinary 
method,  the  meter  discharge  being  from  1  to  6  per  cent  greater  than 
the  corresponding  weir  discharge,  and  the  mean  being  3.5  per  cent  for 
small  Price  meter  No.  363.  If  the  observations  with  the  latter  meter 
had  been  taken  at  sixty-four-hundredths  depth  instead  of  at  six-tenths 
depth  the  line  representing  the  mean  would  coincide  with  the  weir 
line  0-0',  and  the  greatest  percentage  variations  from  the  mean  would 
be  —2.5  per  cent  and  +2.5  per  cent. 

The  results  by  the  integration  method  do  not  give  a  well-defined 
line.  The  meter  discharge  is  from  1  per  cent  to  9  per  cent  greater 
than  the  weir  discharge  for  velocities  greater  than  0.5  foot  per  second 
in  the  experiments  of  series  C  and  D,  and  from  0  to  5  per  cent  less 
than  the  weir  discharge  for  the  experiments  of  series  A.  The  follow- 
ing table  gives  the  true  velocity  as  found  from  the  weir  and  the 
velocity  found  by  the  integration  method  for  different  speeds  of  the 
meter,  also  the  ratio  of  difference  between  these  velocities  and  the 
true  velocity,  expressed  in  per  cent: 

Table  showing  effect  of  variation  of  speed  of  meter  in  integratioji  method. 


No.  of 
experi- 
ment. 

Date. 

Depth. 

True 
velocity 
by  weir 
(F)per 
second. 

Speed  of 
meter 

per 
second. 

Velocity 
of  water 
by  me- 
ter iVO 

second. 

V-V, 
V 

Kind 
of  meter. 

1 

i9oa 

Mays 

Feet. 
8.10 
8.10 
8.10 
7.64 
7.54 
7.86 
7.85 
7.73 
0.46 
9.37 
9.34 
8.92 
7.67 
7.64 
7.58 
7.56 
6.01 
6.28 
6.40 
6.82 
8.48 
8.47 
8.51 
8.46 
9.51 
9.51 
9.32 
7.25 
7.22 
7.18 
6.15 

Feet. 
1.288 
1.268 
1.268 
0.841 
0.841 
1.056 
1.066 
0.980 
1.409 
0.982 
0.477 
0.266 
1.444 
1.018 
0.502 
0.265 
0.516 
1.940 
1.283 
0.893 
0.478 
1.454 
0.915 
0.229 
1.628 
1.628 
1.635 
1.906 
1.649 
0.966 
0.689 

Feet. 
0.101 
0.1^ 
0.270 
0.079 
0.055 
0.066 
0.043 
0.082 
0.118 
0.142 
0.164 

.0.107 
0.137 
0.135 
0.143 
0.128 
0.142 
0.180 
0.154 
0.188 
0.151 
0.288 
0.268 
0.185 
0.263 
0.284 
0.243 
0.252 
0.296 
0.254 
0.179 

Feet, 
1.268 
1.285 
1.200 
0.834 
0.842 
l.QSS 
1.006 
0.978 
1.429 
0.982 
0.485 
0.308 
1.519 
1.079 
0.522 
0.312 
0.555 
2.030 
1.338 
0.920 
0.482 
1.562 
1.002 
0.819 
1.540 
1.572 
1.676 
1.982 
1.748 
1.089 
0.752 

Percent. 

0.00 

+  2.60 

+  5.85 

+  0.09 

-  0.01 
+  2.65 
+  4.64 
+  0.02 

-  1.42 
-5.38 

-  1.68 
-16.23 

-  5.20 

-  5.99 

-  8.99 
-23.86 

-  7.77 

-  4.64 
-4.29 

-  3.02 

-  2.93 
-6.74 

-  9.51 
-39.80 
-0.T8 

-  2.87 

-  2.66 

-  2.99 
-6.00 
-8.79 
-9.14 

8.  P.  851. 

2 

"^o. ..:.:.:..:::::: :::.:. 

Da. 

3 

do 

Dol 

4 

do 

Ptoley. 
Do. 

6 

.  ..  do 

6 

May  « 

S.P.351. 

7 

."^o 

L.P.88. 

8 

May  15 

S.P.351. 

9 

October  24 

s.p.a6a 

10 

do 

Do. 

11 

do 

Do. 

12 

...,  do 

Do. 

13 

October  26 

Do. 

14 

do 

Do. 

15 

October  27 

Do. 

Itt 

do 

Do. 

17 

do 

DOL 

18 

do 

Dok 

19 

do 

D<x 

30 

...  .do 

Do. 

21 

October  29 

Do. 

22 

23 

October  31 

do 

Do. 
Do. 

24 

Noyemberl 

Do. 

25. 

December  6 - 

Do. 

26 

do .- .-.- .... 

Hafik.a 

27 

December  7 

Do. 

28 

December  8 

Do. 

29 

do 

Do. 

30 

do 

Do. 

31 

do 

Do. 

•  8.  p.  =  small  Price;  L.  P.  =  largo  Price;  Hask.  =  Haskell.    Pignres  given  are  the  numbers  of 
the  meters. 
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Table  showing  effect  of  speed  of  meter  on  observed  velocity  as  found  by  the  integration 

meihod  in  experiments  of  table  on  page  84, 


EzperimentB  Koe.  9  to  25,  omittinfir  Noe.  12, 16,  and  24. 

Experiments  Nos.  1  to  8. 

Speed  of 

meter 

0.10  to 

ai4. 

V 

Speed  of 

meter 

0.14  to 

0.18. 

V 

Si)eedof 

meter 

0.18  to 

0.30. 

V 

Speed  of 

meter 

0.05  to 

0.15. 

V-Vx 
V 

Speed  of 

meter 

0.15  to 

0.8a 

F-Fi 
F 

Feet  per 
second. 
0.118 
0.137 
0.136 
0.130 

Percent. 
-1.42 
-6.20 
-5.99 
-4.20 

Feet  per 
gecond. 
0.142 
0.164 
0.143 
0.142 
0.154 
0.151 
0.160 

Percent. 
-5.36 
-1.68 
-8.99 
-7.77 
-4.29 
-2.93 
-6.83 

Feet  per 
second. 
0.180 
0.188 
0.293 
0.268 
0.253 
0.234 

Percent. 
-4.64 
-3.02 
-6.74 
-9.61 
-0.78 
-4.94 

Feet  per 
second. 
0.056 
0.043 
0.082 
0.101 
0.079 
0.055 
0.061 

Percent. 
+2.65 
+4.64 
+0.02 
+0.00 
+0.09 
-0.01 
+1.22 

Feet  per 
second. 
0.152 
0.270 

Percent. 
+2.60 

+5.35 

0.211 

+3.97 

This  ratio  is  positive  for  all  the  experiments  of  series  A  and  is  nega- 
tive for  those  of  C  and  D.  This  difference  of  sign  is  due  to  two  causes : 
(1)  The  meter  was  moved  faster  in  the  experiments  of  C  and  D  than 
in  those  of  series  A;  and  (2)  it  was  moved  through  only  14  feet  of  the 
width  in  series  C  and  D  and  through  nearly  15.5  feet  of  the  width  in 
series  A,  and  the  additional  1.5  feet  of  width  had  a  small  velocity. 
It  is  seen  from  the  above  table  that  for  low  velocities  the  error  in 
velocity  increases  as  the  speed  of  the  meter  increases.  The  table  on 
page  84  shows  this  effect  for  velocities  from  0.5  foot  to  2  feet  per 
second. 

COMPARISON  OF  RESULTS  OBTAINED  IN   1900    WITH    THOSE  OBTAINED 

IN  1901. 

Examining  the  plotted  results  in  figs.  1(3  (page  08)  and  18  (page  69), 
it  is  seen  that  the  meter  discharge,  compared  with  the  corresponding 
weir  discharge,  is  somewhat  larger  for  the  work  of  1901  than  for  that 
of  1900  for  velocities  greater  than  1.4  feet  per  second.  This  can  not 
be  due  to  change  in  rating  of  the  metere,  for  an  increase  in  the  fric- 
tion in  a  meter  would  reduce  the  observed  velocity  and  make  the 
meter  discharge  too  small.  There  was  considerably  more  seepage 
into  the  canal  when  the  experiments  of  series  E  (1901)  were  made 
than  at  the  time  those  of  A,  B,  C,  and  D  (1900)  were  made.  There 
was  also  quite  a  little  surface  water  entering  the  canal  between  the 
weir  and  the  meter  section  in  the  experiments  of  series  E.  It  is  hardly 
poasible,  however,  that  this  inflow  betw^een  the  weir  and  the  meter 
section  could  amount  to  2  percent  of  the  canal  discharge.  It  must  be 
borne  in  mind  in  this  connection  that  the  discharges  obtained  in  1900 
for  velocities  greater  than  1.4  feet  were  in  shallow  water,  and  there- 
fore are  not  so  I'eliable  as  those  obtained  in  series  E. 

EFFECT  OF  METHOD   OF  HOLDING    METER  IN  WATER. 

In  some  of  the  experiments  the  meter  was  suspended  from  a  cable; 
in  others  it  was  held  in  the  water  with  a  rigid  rod.  In  the  latter  cases 
its  axis  was  free  to  move  about  a  horizontal  axis;  in  the  former  cases 
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it  was  free  to  move  about  a  vertical  as  well  as  a  horizontal  axis. 
When  used  with  a  cable  a  sinker  is  necessary,  which,  being  attached 
to  the  under  side  of  the  meter,  keeps  the  axis  of  the  revolving  wheel 
farther  from  the  bottom  than  is  desirable  in  some  cases.  It  is  also 
difficult  to  keep  the  meter  in  any  desired  place  when  held  with  a  cable, 
and  it  usually  changes  its  position  considerably  in  a  swift  current. 
It  was  in  order  to  measure  the  velocity  close  to  the  bottom  and  keej) 
the  meter  at  a  desii^t^l  place  during  the  observation  that  in  many  of 
the  experiments  the  meter  was  held  with  a  rod.  In  ordinary  river 
gaging,  however,  the  Price  and  ILiskell  meters  are  held  with  cables 
and  the  meters  are  rated  in  still  water  suspended  from  a  car  and 
cable.  The  question  then  arose :  * '  Is  the  rating  table  for  a  meter  used 
suspended  from  a  cable  applicable  to  the  same  meter  held  with  a 
rigid  rod?" 

On  December  30,  1900,  Mr.  E.  G.  Paul  made  two  ratings  of  small 
Price  meter  No.  351  in  still  water,  one  with  the  meter  held  with  a 
rigid  rod  and  the  other  with  the  meter  held  with  a  cable  and  a  5-pound 
lead  sinker.  In  the  following  tables  (pp.  87  and  88)  are  given  the 
observations  and  computations  of  these  ratings.  The  second  column 
("time  in  seconds")  gives  the  average  time  required  for  the  car  to 
which  the  meter  was  attached  to  move  over  a  run  of  100  feet,  and 
again  over  the  same  course  in  the  opposite  direction;  the  third  column 
gives  the  number  of  revolutions  observed  in  this  average  time;  the 
seventh  column  gives  for  each  of  these  cases  the  difference  between 
the  observed  velocity  and  the  velocity  computed  from  the  old  rating 
table  of  April  23,  1900,  for  the  same  meter  held  with  a  cable.  The 
tenth  column  of  the  first  table  (p.  87)  gives  the  difference  between  the 
observed  velocities  and  those  computed  from  the  new  rating  table, 
which  is  based  on  meter  rated  in  still  water  and  held  by  a  rigid  rod. 
The  portion  of  this  new  rating  table  which  was  used  in  reducing  the 
Cornell  experiments  is  given  on  page  81.  By  comparing  the  corre- 
sponding quantities  in  the  seventh  and  tenth  columns  of  this  table  it 
will  be  seen  how  much  more  closely  the  values  in  the  new  rating  table 
fit  the  observations  than  do  those  of  the  old  one.  The  tenth  column 
shows  also  how  much  the  relation  between  the  revolutions  per  second 
of  this  meter  and  the  velocity  as  shown  by  these  observations  differs 
from  the  "most  probable"  straight  line,  2/=0.047+2.3i;ic,  y  being 
velocity  in  feet  per  second  and  x  revolutions  of  meter  wheel  per  sec- 
ond. From  the  seventh  column  of  the  table  on  page  87  it  is  seen  that 
the  observed  velocities  are  larger  than  the  computed  velocities,  indi- 
cating more  friction  in  the  meter  on  December  30, 1900,  than  on  April 
23,  1900. 

The  **most  probable  "  linear  relation  between  x  and  y  for  this  case 
of  the  meter  held  with  a  cable  was  found  to  be  2/=0.067+2.321ic.  The 
differences  in  the  tenth  column  show  that  this  line  does  not  fit  the 
observations.     It  crosses  the  curve  given  by  the  observations  twice  as 
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y  increases  from  1  to  8  feet  per  second.  The  rating  table  was  pre- 
pared by  using  this  line  as  a  basis,  applying  corrections  as  indicated  by 
the  corres{)ondiug  difference  of  the  tenth  column,  and  also  that  the 
rating  table  will  difference  smoothly.  The  numbers  in  column  12 
show  how  closely  the  observed  velocities  agree  with  those  computed 
from  the  new  rating  table  with  the  meter  held  with  a  cable. 

It  should  be  noted  that  the  smallest  observed  velocity  is  about  0.5 
foot  per  second  in  one  case  and  0.35  foot  in  the  other  case. 

Observations  and  computations  of  a  rating  of  small  Price  meter  No,  351  held  by 
rigid  rod,  made  at  Chevy  Chase,  Md,,  December  30, 1900, 


L 

2  and  8. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Lenflrth 
1001 

I  of  riin« 

No.  of 

:eet. 

Revo- 
lations 

Ob- 

served 

velocity 

(y). 

Com- 
puted 
velocity 

Differ- 

Resid- 

obser- 
vation. 

Time. 

Revo- 
Intlons 
of  me- 

second 

ence 

a:« 

xy 

ual 

«• 

ter. 

Sec- 

Feet  per 

Feet%>er 

Ft.  per 

onda. 

second. 

second. 

second. 

1 

9.26 

43.00 

4.648 

10.811 

10.815 

-.004 

21.604 

50.245 

+.060 

.008481 

3 

10.5 
16.0 

42.60 
43.00 

b4.048 
2.688 

b9.524 
6.250 

9.405 

4-.  lift 

6.231  1  +.019 

7.225 

16.800 

-.014 

.665196 

4 

22.5 

43.00 

1.911 

4.444 

4.414  '  +.080 

3.652 

8.493 

-.022 

.0Q0484 

5 

35.0 

42.25 

1.207 

2.857 

2.797  1  +.060 

1.457 

3.448 

+  .018 

.000824 

6 

45.0 

42.00 

0.933 

2.222 

2.183 

+.03W 

0.870 

2.07:3 

+  .017 

.000289 

7 

53.0 

42.00 

0.794 

1.887 

1.867 

+.020 

0.630 

1  498 

+.003 

.000000 

8 

54.5 

42.00 

0.774 

1.835 

1.823 

+.012 

0.599 

1.420 

-.003 

.000009 

9 

68.0 

41.75 

0.614 

1.471 

1.461 

+.010 

0.377 

0.903 

+.004 

.000016 

10 

85.5 

41.75 

0.488 

1.170 

1.174 

-.004 

0.238 

0.671 

-Am 

.OOOttJO 

11 

106.5 

41.00 

0.385 

0.939 

0.944 

-.005 

0.148 

0.362 

+  .001 

.000001 

12 

113.0 

41.00 

0.383 

0.886 

0.801 

-.006 

o.iae 

0.321 

-.002 

.000004 

13 

154.0 

40.50 

0.263 

0.649 

0.660 

-.020 

0.009 

0.171 

-.006 

.000086 

U 

197.0 

89.50 

0.201 

0.508 

0.522 

-.014 

0.040 

0.102 

-.00* 

.000016 

16 

220.0 

39.00 

0.177 

0.455 

0.569 

-.014 

0.081 

0.081 

-.001 

.000001 

16 

293.0 

36.90 

0.126 

0.341 

0.351 

-.010 

0.016 

0.043 

-.008 

.000009 

15.572 

36.724 

37.088 

86.531 

.004911 

■Computed  from  rating  table  prepared  from  rating  of  April  23, 1900. 
^Omitted  in  computing  S  x  and  £  y. 

NOTB.— Obeervation  equation,  y~a— &r=v;  normal  equations,  a  Z  x-{-h  2 sfl^locy^  na+62 a?=»X|^. 
For  these  observations  these  become  15.572  a+37.088  b=>86.531, 15  a+15.572  6=36.724.    The  solution 


V2  v'" 
The  probable  error  of  result  is  6,746  w     .  ^    =-.O08. 
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Observations  and  computations  of  a  rating  of  small  Price  meter  No.  351  held  by 

cable,  made  at  Chevy  Chase,  Md.,  December  30, 1900. 


1. 

2  and  3. 

4. 

5. 

6. 

7. 

8. 

9. 

la 

11.           12. 

1 

Lenffthofran, 

1 
• 

1O01 

[eet. 

Revo- 

Ob- 

Oom- 

Oom- 

No.  of 

—   — 

lations 

served 

pnted 

Differ- 

Reaid- 

puted   Differ- 

obser- 

Revo- 

per 

veloci- 

veloci- 

ence 

X* 

av 

nal 

veloci- 

enoe 

vation. 

Time. 

lutions 
of  me- 
ter. 

second 

ty 

ty 
iV')'  • 

(tf-»'). 

(»). 

*7 

(V-V'h 

Sec- 

Ft.  per 

Ft.per 

Ft.per 

.FY.  per 

ondtt. 

itecond. 

second. 

second. 

aeccmd. 

1 
2 

10.5 
12.6 

42.00 
42. 5C 

4.000 
3.400 

9.524 
8.000 

9.800 
7.900 

-f.2S4 
-H.lOO 

ii.5e6 

27.200 

+.042 

7.98 

+.08 

3 

16.6 

42.50 

2.576 

6.081 

5.967 

+.0H 

6.636 

16.613 

+.016 

6.04 

+.021 

4 

21.6 

42.75 

1.990 

4.651 

4.588 

.+.063 

a960 

9.266 

-.034 

4.68 

-.029 

6 

26.0 

42.50 

1.635 

3.846 

3.767 

+.079 

2.673 

6.288 

-.015 

3.837 

+.000 

6 

29.0 

42.50 

1.465 

3.448 

3.983 

+.065 

2.146 

5.061 

-.OBU 

3.443 

+.005 

7 

31.0 

42.25 

1.363 

3.226 

3.151 

+.075 

1.858 

4.397 

-.004 

3.290 

+.017 

8      41.0 

42.50 

1.087 

2.439 

2.411 

+.028 

1.075 

2.529 

-,G34 

2.451 

-.012 

9  ;    50.0 

42.50 

0.850 
0.688 

2.000 

1.990 

+.010 

0.723 

1.700 

-.039 

2.084 

-.OW 

10      61.0 

42.00 

1.639 

1.624 

+.015 

0.473 

1.128 

-.084 

1.656 

-.016 

11       70.0 

42.00 

0.600 

1.429 

1.430 

-.001 

0.360 

0.857 

.090 

1.454 

-.025 

12 

80.5 

41.25 

0.512 

1.242 

1.226 

+.016 

0.262 

0.636 

-.013 

1.266 

-.014 

13 

90.5 

40.00 

0.442 

1.106 

1.072 

+.033 

0.195 

0.488 

+.012 

1.096 

+.007 

14  ,  105.5 

39.00 

0.870 

0.949 

0.908 

+.041 

0.137 

0.361 

+.024 

0.988 

+.011 

15 

125.0 

38.00 

0.304 

0.800 

0.759 

+.041 

0.092 

0.243 

+.028 

a79a 

+.010 

16 

140.0 

37.00 

0.264 

0.714 

0.671 

+.043 

0.070 

0.189 

+  .086 

0.497 

+  017 

17 

171.0 

36.00 

0.215 

0.585 

0.566 

+.029 

0.046 

0.120 

+.019 

a58S 

-.000 

18  :  184.  U 

36.00 

0.196 

0.543 

0.507 

+.096 

0.038 

0.106 

+.022 

0.541 

+.002 

19 

211.0 

35.75 

0.160 

0.474 

0.462 

+.022 

0.029 

0.080 

+.016 

0.479 

-.005 

18.076 

43.161 

32.334 

76.239 

^Computed  from  rating  of  April  23, 1900. 

^  Computed  from  rating  of  December  30, 1900. 

Note.  -Most  probable  straight  line  given  by  these  obeervations,  y=a.067 +2.321:6. 

The  following  table  shows  the  percentage  difference  of  velocity  for 
each  0.05  revolution  for  these  two  ways  of  holding  the  meter.  It  is 
seen  that  a  given  number  of  revolutions  per  second  of  this  meter  indi- 
cates a  higher  velocity  when  it  is  held  with  a  cable  than  when  it  is  held 
with  a  rigid  rod,  and  that  this  percentage  difference  decreases  as  the 
velocity  increases.  In  other  words,  in  a  given  velocity  the  meter  will 
revolve  faster  when  held  with  a  rigid  rod  than  when  held  with  a  cable. 
It  must  be  remembered  that  the  values  given  in  this  table  for  veloci- 
ties less  tlian  about  0.5  foot  per  second  are  only  approximate,  since 
the  observations  do  not  extend  below  0.35  foot  per  second.  We  may 
say  that  if  the  rating  table  for  this  meter  held  with  a  cable  be  used  t-o 
reduce  observations  made  with  the  meter  held  with  a  rigid  rod,  the 
results  will  be  in  error  from  1.3  per  cent  to  8.5  per  cent  for  velocities 
froui  1.5  feet  to  0.5  foot  per  second. 
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Table  shovoing  percentage  difference  in  velocity  as  shown  "by  small  Price  meter  No. 
S51  when  rated  in  stiU  water  on  a  rigid  rod  and  on- a  cable. 


Speed  of 

Vr 

Fc 

Fr-Fc 

Speed  of 

Vr 

Vc 

Fr-Fc 

meter. 

Vt 

meter. 

Vt 

R.persec. 

F.  per  sec. 

F.  per  sec. 

Per  cent. 

R.peraec. 

F.  per  see. 

F.  per  see 

Per  cent. 

0.15 

0.907 

0.488 

0.1 

0.60 

1.435 

1.455 

1.4 

0.20 

0.510 

0.560 

7.8 

0.65 

1.660 

1.668 

1.2 

0.25 

0.625 

0.666 

6.6 

0.70 

1.666 

1.682 

1.0 

0.90 

0.741 

0.781 

5.4 

0.75 

1.782 

1.796 

0.8 

0.35 

0.857 

0.804 

4.3 

0.80 

1.807 

1.010 

0.7 

0.40 

o.»:ss 

1.006 

3.5 

0.85 

2.013 

2.024 

0.6 

0.45 

1.068 

1.118 

2.8 

0.00 

2.129 

2.138 

0.4 

0.50 

1.204 

1.230 

2.2 

0.05 

2.244 

2.252 

0.4 

0.55 

1.319 

1.342 

1.7 

1.00 

2.86 

2.37 

0.3 

Vr  =  velocity  with  meter  rated  on  a  rigid  rod. 
Vc  =  velocity  with  meter  rated  on  a  cable. 

Small  Price  meter  No.  351  was  again  rated  three  times  on  May  9, 
1901.  It  was  held  (1)  with  a  cable,  using  an  18-pound  sinker;  (2)  with 
a  rod,  the  meter  being  free  to  tip;  and  (3) 
with  a  rod  and  the  meter  not  free  to  tip. 
Space  will  not  permit  the  insertion  of  the 
observed  data  or  the  computations,  but 
the  results  are  plotted  in  fig.  29,  using  i?= 
revolutions  per  second  as  abscissae  and 

^=^=ratio  of  velocity  to  revolutions  as 
Jti 

ordinates.  It  is  seen  that  these  rating  ob- 
servations give  a  separate  curve  for  each 
of  these  cases.  The  value  of  K  for  any 
value  of  R  for  one  curve  is  very  different 
from  that  for  the  other  curves  for  veloci- 
ties less  than  about  3  feet  per  second.  For 
example,  for  7?=0.3,  K=2.7bb  for  case  1 
(curve  AE),  2.585  for  case  2  (curve  BE), 
and  2.485  for  case  3  (curve  DF),  The  co- 
efficient is  largest  when  the  meter  has  the 
most  freedom  of  motion  and  least  when  it 
has  no  freedom  of  motion.  As  the  v^elocity 
for  a  given  number  of  revolutions  varies 
directly  with  K,  the  velocity  decreases  as 
the  freedom  to  tip  about  a  horizontal  axis 
and  to  swing  around  a  vertical  axis  de- 
creases. Or,  staticd  in  the  other  way,  in 
a  current  of  a  given  velocity  the  revo- 
lutions increase  as  the  freedom  of  motion  decreases.  Each  of  these 
cases  therefore  requires  a  separate  rating  table. 

SURFACE    VELOCITY     EXPERIMENTS    WITH     FLOAT     RODS     AND     WITH 

CURRENT  METERS. 

It  was  noticed  during  the  weir  and  current-meter  comparisons  that 
the  shape  of  the  vertical  velocity  curve  near  the  surface  obtained  with 
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Fio.  29.— Cnrvefl  showingr  relation 
between  revolutions  of  meter  and 
ratio  between  velocity  of  water 
and  revolutions  of  meter  from 
three  ratings  of  small  Price  meter 
No.  351  at  CheTy  Chase,  Md.,  May 
0,  1901.  Crossed  circles  are  for 
observations  with  meter  held  with 
cable,  an  18-ponnd  sinker  belnff 
used.  Heavy  black  dots  are  for 
observations  with  meter  held  with 
rod  and  free  to  tip.  Open  circles 
are  for  observations  with  meter 
held  with  rod  and  not  free  to  tip. 
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a  small  Price  meter  was  quite  different  under  certain  conditions  from 
that  obtained  with  the  Haskell  meter  under  the  same  conditions. 
This  peculiarity  can  be  seen  in  the  simultaneously  obtained  curves  of 
jSg.  30.  The  Haskell  meter  indicates  a  higher  surface  velocity  than 
the  Price  meter.  By  surface  velocity  obtained  with  a  meter  is  meant 
that  obtained  when  the  revolving  part  of  the  meter  is  entirely  under 
water  all  of  the  time  and  yet  as  close  to  the  surface  as  possible.  For 
the  three  meters  used  in  these  surface  velocity  observations  the  dis- 
tance of  the  center  below  the  surface  was  as  follows:  Small  Price 
meter  No.  351,  from  2.5  to  3  inches;  Fteley  No.  107,  from  3  to  3.5 
inches;  Haskell  No.  3,  from  4  to  4.5  inches. 
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Fio.  80.— Vertical  velocity  cnryes  from  simaltaneons  experiments  of  aeries  E  with  smaU  Price 
meter  No.  963  and  with  Haskell  meter  No.  8.  Large  black  dots  are  for  Price  meter,  open  ciit:l<» 
for  Haskell  meter. 

In  order  to  investigate  this  matter  further  the  surface  velocity  of 
a  part  of  the  canal  was  measured  simultaneously  with  floats  and  with 
two  current  meters.  The  floats  used  were  6-inch  cubes  of  wood  loaded 
with  lead  so  as  to  have  an  immersion  of  5^  inches.  Surface  floats  of 
wood  6  inches  by  6  inches  by  1  inch  thick  were  also  used.  These  were 
started  near  the  center  of  the  canal  18  feet  above  the  upper  wire  and 
timed  over  a  run  of  60  feet.  Any  that  passed  the  lower  wire  within  2 
feet  of  either  side  were  not  used  in  computing  velocity.  The  meters 
were  held  10  feet  below  the  lower  wire,  the  Haskell  at  5  and  7  feet 
from  the  south  side  of  the  canal,  the  Price  at  9  and  11  feet  from  the 
south  side,  and  the  revolutions  were  counted  for  periods  of  forty 
seconds.  The  results  of  the  experiments  are  given  in  the  following 
table: 
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Comparison  of  surface  velocity  measured  with  float  rods  and  with  current  meters. 


Small  Price  meter  No.  851. 

Haskell  meter  No.  3. 

Number 
of  float 

obeerva- 
tiona. 

Velocity 

with 

floats. 

Number 

of40- 

second 

periods. 

Velocity 

with 

meter. 

Feet  per 

second. 

2.794 

2.806 

2.818 

Number 
of  float 

observa- 
tions. 

13 
12 
10 

Velocity 

with 

floats. 

Feet  per 

second. 

3.083 

3.144 

3.136 

Number 

of40- 

second 

periods. 

I 
Velocity 
with 
meter. 

Feet  per 
second. 

8.m 

3.187 
3.166 

11 
12 
13 

Feet  per 

second. 

3.122 

3.076 

3.030 

10 
12 
13 

13 
12 
10 

36 

3.076 

35 

2.806 

35 

3.121 

35        3.174 

During  the  foregoing  observations  the  depth  of  water  in  canal  was 
6.04  feet,  its  mean  velocity  2.8  feet,  and  the  discharge  275.3  cubic 
feet  per  second.  The  float  velocity  that  is  compared  with  the  Price 
meter  velocity  is  obtained  from  the  floats  passing  the  lower  wire  from 
2  to  8  feet  from  the  south  side  of  canal;  that  which  is  compared  with 
the  Haskell  meter  velocity  is  found  from  the  floats  passing  the  lower 
wir^from  8  to  14  feet  from  the  south  side  of  canal.  It  is  seen  that  in 
each  experiment  the  float  velocity  is  greater  than  that  of  the  Price 
meter  and  less  than  that  of  the  Haskell  meter.  The  mean  float 
velocity  for  the  three  experiments  is  8.8  per  cent  greater  than  the 
velocity  with  the  Price  meter  and  1.7  per  cent  less  than  that  with 
the  Haskell  meter. 

It  was  thought  that  possibly  this  failure  of  the  small  Price  meter  to 
give  correct  surface  velocity  indications  was  due  to  wave  motion  of 
the  meter.  Another  experiment  was  therefore  made  with  the  floats 
and  with  the  meter  held  with  a  rod  and  not  free  to  tip.  Fteley  electric 
meter  No.  107  was  also  used  in  place  of  the  Haskell  meter.  The  floats 
were  started  at  many  points  in  the  width  of  the  canal  and  were  timed 
over  a  run  of  50  feet.  Those  that  came  within  2  feet  of  either  bank 
were  not  used  in  computing  the  velocity.  The  meters  were  held  24 
feet  below  the  lower  wire  at  points  from  0  to  7  feet  from  the  center, 
and  the  revolutions  were  counted  for  50-second  periods. 

The  mean  surface  velocity  shown  by  the  small  Price  meter  from 
thirty-two  50-second  periods  is  1.967  feet,  and  the  corresponding  float 
velocity  obtained  from  ten  floats  passing  from  2  to  8  feet  from  the 
south  side  of  canal  is  2.146  feet.  The  corresponding  surface  velocity 
shown  by  the  Fteley  meter  is  2.074  feet,  and  by  the  floats  from  8  to  14 
feet  from  the  south  side  of  canal,  2.137  feet.  The  float  velocity  is 
8.3  per  cent  greater  than  the  Price  meter  velocity  and  2.95  per  cent 
greater  than  the  Fteley  meter  velocity.  The  difference  between  the 
float  and  the  Price  meter  velocities  is  about  the  same  as  in  the  previous 
experiments. 

During  this  experiment  the  Price  meter  was  held  3.5  feet  from  the 
south  side  of  canal,  with  its  center  2f  inches  below  the  surface  for 
seven  50-second  periods,  and  again  with  its  center  4.5  inches  below 
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the  surface  for  about  the  same  length  of  time.  The  mean  velocity  at 
2f  inches  depth  was  1.884  feet,  and  at  4.5  inches  depth  it  was  2.035 
feet.  The  float  velocity  at  this  point  was  2.137  feet.  The  indicated 
velocity  increased  7.4  per  cent  as  the  meter  was  lowered  If  inches. 
The  float  work  in  this  experiment  is  not  very  satisfactory. 

On  May  20  vertical  velocity-curve  data  were  taken  with  small  Price 
meter  No.  351  and  with  Haskell  meter  No.  3  for  different  mean  veloci- 
ties, with  a  view  to  determining  the  magnitude  of  this  error  at  differ- 
ent velocities  and  depths  below  the  surface.  The  Haskell  meter  was 
held  with  a  cable  1  foot  south  of  the  center  of  the  canal  and  244  feet 
from  the  weir;  the  Price  meter  was  held  with  a  cable  1  foot  north  of 
the  center  of  canal.     The  following  data  were  obtained: 

Velocities  near  the  surface  of  Cornell  University  experiment  canal  as  found  with 
smaU  Price  meter  No,  851  and  with  Haskell  meter  No,  3, 


Small  Price  meter  No.  351.* 

Haskel 
Depth 

1  meter  No.  a<> 

Nnmber  of  mn. 

Depth  below  surface ,  in  inches. 

below  sarfaoe, 
n  inches. 

S.5 

4.5 

6.5 

8.5 

4.5 

6.5 

&& 

Second 

Third 

0.482 
0.55ft 
0.KI6 
1.207 
1.4m 
1.611 

0.490 
0.505 
0.058 
1.281 
1.467 
1.556 

0.482 
0.575 
0.958 
1.330 
1.389 
1.53a 

"6.042" 
1.200 
1.484 

0 

0.602 

.1.015 

1.348 

1.450 

1.552 

0 

0.615 

1.082 

1.325 

1.302 

1.572 

0 
0.602 

Fourth 

1.010 

Fifth 

Sixth 

Seyenth 

1.413 

'Meter  held  with  cable  1  foot  north  of  canal  center  and  244  feet  from  Voir. 
^  Meter  held  with  oable  1  foot  south  of  canal  center  and  244  feet  from  weir. 

Each  run  lasted  about  half  an  hour,  during  wl^ich  time  the  mean 
velocity  remained  constant.  These  results  indicate  that  for  velocities 
less  than  1.5  feet  the  difference  between  the  velocities  indicated  by 
these  meters  is  small  from  the  surface  to  a  depth  of  8.5  inches. 

In  the  upper  right-hand  corner  of  fig.  30  is  a  vertical  velocity  curve 
prepared  from  thirty-five  50-second  observations  taken  in  forty  min- 
utes 7  feet  from  the  south  side  of  the  canal,  at  a  station  220  feet  from 
the  weir,  with  small  Price  meter  No.  351.  It  shows  a  decrease  of  8.5 
per  cent  in  the  velocity  2f  inches  below  the  surface. 

From  these  float  and  current-meter  surface  velocity  experiments  we 
conclude  that  a  small  Price  meter  will  not  measure  velocity  correctly 
when  its  center  is  within  0.5  foot  of  the  surface,  if  the  velocity  be 
greater  than  1.5  feet  per  second,  and  that  this  error  increases  from  0 
at  about  0.5  foot  below  the  surface  to  8  or  9  per  cent  at  2.5  inches 
below  the  surface. 


APPLICATION  OF  RESULTS  TO  ORDINARY  RIVER  GAGING. 

It  has  been  shown  that  the  discharge  of  the  Cornell  University 
canal  can  be  measured  with  a  small  Price  current  meter  by  the  ordi- 
nary point  method  with  an  error  of  not  more  than  1  per  cent  under 
favorable  conditions.     This  degree  of  accuracy,  however,  can  seldom 
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be  attained  in  ordinary  river  gaging,  as  the  conditions  are  not  so 
favorable  for  accurate  work.  The  bed  of  the  Cornell  canal  is  hard, 
smooth,  and  regular  in  shape;  the  bed  of  a  river  is  frequently  of 
soft  material,  into  which  the  meter  will  settle,  or  is  gravelly,  stony, 
and  irregular  in  shape.  There  are  no  shallow  parts  in  the  canal, 
the  depth  and  velocity  of  which  it  is  difficult  to  measure  with  accu- 
racy, but  frequently  there  are  one  or  more  of  these  in  a  river,  dis- 
charge section.  There  is  a  good  measurable  velocity  in  all  parts 
of  the  canal  for  all  depths,  while  in  a  river  there  are  frequently  parts 
in  which  the  velocity  is  too  small  for  accurate  measurement.  The 
change  in  velocity  from  one  point  to  another  in  a  discharge  section  is 
frequently  greater  in  a  river  than  in  the  canal,  on  account  of  obstruc- 
tions. Fluctuations  of  the  surface  elevation  are  also  larger  in  a  river 
than  in  the  canal.  On  these  accounts  it  is  to  be  expected  that  ordi- 
nary river  discharge  measurements  may  be  several  per  cent  less 
accurate  than  those  of  this  canal. 

In  river  gaging  work,  however,  it  is  not  alone  accurate  discharge 
measurements  that  are  required,  but  it  is  the  accurate  measurement 
of  the  volume  passing  the  gaging  station  each  day  and  each  month. 
The  accuracy  of  daily  and  monthly  flow  of  a  stream  depends  on  the 
accuracy  of  the  discharge  curve,  or  the  relation  between  the  total 
discharge  and  the  river  stage,  and  on  the  accuracy  of  measurement 
of  the  fluctuation  of  river  stage.  The  latter  is  quite  as  important  as 
the  former,  and  improvement  in  it  should  keep  pace  with  improve- 
ments in  the  former. 

ACCURACY    OF  RESULTS. 

The  discharge  of  the  Cornell  University  standard  weir  is  computed 
from  Bazin's  formula.  It  is  not  possible,  however,  to  measure  the  head 
on  the  weir  in  exactly  the  same  way  that  Bazin  measured  the  head  on 
his  weir,  so  that  this  formula  is  not  strictly  applicable  to  this  weir. 
From  experiments  made  at  the  Cornell  hydraulic  laboratory,  how- 
ever. Prof.  G.  S.  Williams  believes  that  the  actual  discharge  of  the 
Cornell  weir  will  not  differ  from  that  computed  by  Bazin's  formula 
by  more  than  1  per  cent  for  heads  up  to  1.5  feet,  nor  more  than  3  per 
cent  for  heads  up  to  2.5  feet. 

The  results  given  in  the  tables  have  been  obtained  with  five  cur- 
rent meters  operated  in  three  ways  by  several  observers.  In  several 
of  the  experiments  simultaneous  measurements  were  made  with  two 
meters,  so  that  we  have  several  checks  on  the  work.  We  have  not 
carried  any  of  the  computations  beyond  the  third  decimal  place, 
believing  that  the  length  of  a  meter  observation,  the  method  of 
obtaining  fractional  parts  of  a  revolution  of  the  meter  wheel,  the 
uncertainty  in  the  exact  location  of  the  vertical  velocity  curve,  and 
the  pulsations  in  the  water  do  not  warrant  even  this  degree  of  accu- 
racy. In  closely  studying  the  results  some  little  inaccuracies  will  be 
found,  as  all  the  results  are  not  obtained  in  exactly  the  same  way;  but 
they  are  believed  to  be  substantially  correct. 
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In  comparing  the  results  of  these  experiments  with  results  obtained 
by  other  experimenters  it  must  be  remembered  that  we  have  used 
smaller  velocities  in  many  of  our  experiments  than  were  used  by 
them.  In  Fteley  and  Stearns's  comparisons  (p.  57)  the  smallest  mean 
velocity  is  1.7  feet,  in  Henry's  (p.  50)  the  smallest  is  3  feet,  in  Bazin's 
(p.  43)  the  smallest  is  1.25  feet,  in  Francis's  (p.  53)  it  is  0.5  foot,  and 
in  Marr's  (p.  48)  2.4  feet.  For  these  and  higher  velocities  our  meter 
results  by  the  ordinary  method  agree  closely  with  those  given  by  the 
weir.  We  are  unable  to  find  any  comparisons  by  other  experimenters 
for  velocities  less  than  1  foot  per  second,  except  a  few  by  Franciis 
with  rods  and  those  at  Cornell  with  rods  (p.  51).  The  large  disagree- 
ment between  meter  and  weir  is  for  the  low  velocities,  a  field  into 
which  apparently  few  experimenters  have  entered. 

CONCLUSIONS. 

The  conclusions  to  be  drawn  from  these  experiments  may  be  briefly 
summarized  as  follows: 

(1)  Discharge  measured  with  current  meter  by  the  ordinary  (point) 
method  agrees  with  that  given  by  the  Cornell  standard  weir  within  2 
per  cent  for  velocities  above  1.5  feet  per  second.  (See  tables  on  pages 
64  to  67  and  70.) 

(2)  For  velocities  less  than  1.5  feet  per  second  the  discharge  found 
with  the  Price  meters  is  less  than  the  corresponding  weir  discharge, 
and  the  difference  increases  rapidly  as  the  velocity  decreases.  (See 
tables  on  pages  64  to  67.) 

(3)  For  velocities  less  than  about  1.5  feet  per  second  the  discharge 
found  with  the  Haskell  meter  is  greater  than  that  of  the  weir,  and  the 
difference  increases  as  the  velocity  decreases.  This  difference  is  6 
per  cent  for  a  velocity  of  0.75  foot  per  second.     (See  fig.  16.) 

(4)  The  discharge  of  the  Cornell  canal  can  be  measured  with  a  small 
Price  meter,  ordinary  point  method,  with  an  error  of  not  more  than 
1  per  cent  under  favorable  conditions,  a  velocity  observation  lasting 
fifty  seconds  being  taken  in  each  2.3  square  feet  of  discharge  area. 

(5)  When  the  most  accurate  results  are  desired  the  meter  should  X\e 
held  with  a  rod  and  not  given  freedom  to  tip. 

(6)  Velocities  of  1.5  feet  per  second  and  upward  obtained  with  a 
small  Price  meter  when  its  center  is  closer  to  the  surface  than  0.5 
foot  are  too  small  by  from  0  to  9  per  cent.  This  error,  however,  de- 
creases from  maximum  at  the  surface  to  0  at  about  0.5  foot  depth. 

(7)  The  small  Price  meter  will  measure  velocities  of  1  foot  per  sec- 
ond and  less  more  accurately  than  either  the  large  Price  meter  or  the 
Haskell  meter.  It  appears  from  these  experiments  that  the  smallest 
velocity  that  these  meters  will  measure  with  a  fair  degree  of  accuracy 
is  0.5  foot  for  the  large  Price  meter  and  the  Haskell  meter  and  0.22 
foot  for  the  small  Price  meter.     (See  fig.  16.) 

(8)  The  small  Price  meter  should  be  frequently  rated,  and  it  should 
be  used  with  much  care  if  accurate  results  are  required. 
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(9)  The  six-tenths-deptli  method  gives  discharge  from  2  to  6  per 
cent  in  excess  of  that  by  the  weir,  depending  on  the  ratio  of  width  to 
depth.     (See  fig.  17.) 

(10)  The  integration  method  as  a  rule  gives  results  in  excess  of 
those  given  by  the  weir,  the  difference  increasing  with  the  speed  of 
the  meter  and  decreasing  as  the  velocity  increases.  (See  fig.  17  and 
tables  on  pages  84  and  85.)  By  using  special  care  in  moving  the 
meter  at  a  slow  speed  and  a  uniform  rate  it  may  be  possible  to  obtain 
better  results  by  this  method  than  those  shown  by  these  experiments. 
A  devic^e  like  Harlacher's  (page  30)  for  giving  the  meter  a  uniform 
motion  will  increase  the  accuracy  somewhat.  We  do  not  believe, 
however,  that  the  little  saving  of  time  of  this  method  over  that  by 
the  mid-depth  or  the  six-tenths-depth  will  warrant  the  use  of  any  such 
device.  The  method  is  useful  only  as  a  rough  check  on  one  of  the 
other  methods. 

(11)  The  thread  of  maximum  velocity  is  at  the  surface  for  depths 
less  that  2  feet  and  unobstructed  flow  at  the  lower  end  of  the  canal. 
For  depths  of  5  feet  or  more  and  discharge  checked  at  the  lower  end 
of  the  canal  this  threiid  is  from  two- tenths  to  four- tenths  depth  below 
the  surface,  the  mean  for  thirty-one  experiments  being  thirty-one- 
hundredths  depth.     (See  table  on  page  77.) 

(12)  The  position  of  the  thread  of  mean  velocity  varies  from  five- 
tenths  depth  for  small  depths  to  seventy -three-hundredths  depth  for 
the  larger  depths.  For  the  thirty-one  experiments  by  the  ordinary 
method  of  series  C  and  D  it  is  sixty-four-hundred ths  depth  below  the 
surface.     (See  table  on  page  77.) 

(13)  The  surface  velocity  is  always  greater  than  the  bottom  veloc- 
ity with  center  of  meter  0.25  foot  above  bottom.     (See  figs.  23  to  28.) 

(14)  The  ratio  of  bottom  velocity  to  mean  velocity  varies  from  0.6 
to  0.9,  being  0.8  for  the  experiments  of  series  A,  0.75  for  series  C,  and 
0.85  for  series  D.     (See  table  on  page  79.) 

(15)  The  ratio  of  mean  velocity  to  mid-depth  velocity  varies  from 
0.90  to  0.99,  the  mean  of  forty  experiments  being  0.95.  (See  table  on 
page  79.) 

(16)  The  average  of  the  velocities  0.5  foot  above  the  bottom  and 
0.5  foot  below  the  surface  is  from  —2.2  per  cent  to  -f  30  per  cent  less 
than  the  mean  velocity  shown  by  the  weir.     (See  table  on  page  83.) 

(17)  A  small  Price  meter  will  revolve  faster  in  moving  water  of  a 
given  velocity  when  held  with  a  rigid  rod  than  when  held  with  a 
cable.  (See  table  on  page  89.)  Hence  the  same  rating  table  will  not 
answer  for  both. 

(18)  The  bottom  velocity  varies  between  so  wide  limits  that  it  is 
not  a  desirable  quantity  to  use  in  computing  discharge;  the  mid-depth 
or  the  six-tenths-depth  is  better. 
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